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ABSTRACT

Presented in this work are the characteristics of the following
meteorological elements: temperature, wind, pressure, air,precipita-
tion, humidity, cloud cover, and storms. The material is constituted
of meteorological observations at stations in Hel, Chatupy, Gdynia,
Rozewie, and Karwia during the period 1928-1938.

The main special feature of this region is the great variability
in each of the elements cited here, both from day to day as well as
from year to year.

The longest season of the year is the transitional period between
the short summer and the winter, that is, the periods of before spring,
the spring itself, the autumn, and before winter. The summer is re-
latively cold, and the winter is primarily mild. The early autumn is
the nicest season of the year, but towards the end of autumn, a cycle
of strong storms begins which lasts up until spring.

.
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INTRODUCTION

It is difficult to address the climate of the Hel Peninsula as a discrete
climatic unity. The too small area and the relatively short observational period
(11 years) makes it necessary to take this problem as a contribution to the Penin-

sula climate as an intimate component of the neighboring shore region.

The topographical disposition of the Peninsula itself, jutting out into the
sea for 35 km [15], ipfluences the free flow of air masses out of the northerly,
easterly, and southerly directions. The land surrounding Pucka Bay from the west,
formed in the shape of morraines from the last glaciation, constitutes a firm bar-
rier against the transport of westerly air masses. The Baltic Sea waters flow
around the scythe-shaped Hel Peninsula out of the northeast, stamping their impres-
sion directly on the climate of the Peninsula; this may be seen clearly particularly
when we take into consideration the relatively small width of the Peninsula, that is,
200 m at its base and up to 3 km at the promontory. The influence of the shallow
Pucka Bay is minimal.

The vertical configuration of the Peninsula favors the free interchange and
movement of air masses. The whole area possesses the character of sand dunes, with
a maximum elevation of 23.2 m above sea level, with the dunes along the open sea
shore somewhat higher than the dunes along the Bay side. The sparse forest growing

over the Peninsula terrain has only a small effect on climatic phenomena.

The Hel Peninsula, according to climateclassifications worked out up to the
present, belongs in the "C£b" zone ("beech climate"), for example, of W. KSppen
[12]; it belongs to the 7 (text obscure) according to Wiladstaw Gorczyrdski [4]; and
it lies within the area of the "Baltic climate" of E. Romer [18]. Stanslaw Koriczak
[10], in his sketch of the hydrography and climatology of the Baltic area with res-
pect to the Polish coastline, refers only to Hel and bases upon it the climatic
characteristics of this part of the Baltic. 2. Kaczorowska [9] discusses the cli-
matic conditions of the Polish Baltic coastline during the interwar period, basing
her views on observational material taken from Hel, Gdynis, Pucka, and Karwia. In-
deed, with the exception of Z. Kazcorowska's work, there is no thorough treatment

in the Polish literature on the climatic relationships of this part of the coastline.




In developing the individual meteorological elements here, Hel is taken ac-

count of throughout. The works touching on this subject are named in the biblio-

graphy.




ON THE CLIMATE OF THE HEL PENINSULA
xrlscvina Lechowicz-rKwiecien

MATERIALS AND MFTHODS

The few meteorological stations in the northern part of Poland,such as the Hel
station, have been carrying out observations for a long time. The length of
observations carried out in Hel dates from the year 1851; this was broken only dur-
ing the period of the First and Second World Wars. The observational material from

the Hel station are located in Deutsches Meteorologisches Jahrbuch Preussen und

ﬁbrige norddeutsche Staaten [The German Meteorological Yearbook for Prussia and the

Other North German States], and beginning with the year 1926, in the Polish work,

Roczniki Meteorologiczne [Meteorological Yearbooks].

The material for the present study are the results of meteorological obser-

vations taken in the following stations: Series II -- in Hel, and Series III --

in Jastarnia and Chatupy. For comparison, observations have been taken from the
nearest stations, that is, Gdynia, Pucka, Rozewie, and Karvia. This treatment
covers the ll-year periocd from 1928 to 1938. Almost all the meteorological ele-
ments are based on complete material, with the exception of the extreme temperatures,
which were developed on the basis of a 1l2-year period, and the pressure is taken

for only 8 years. In addition to these basic shortcomings, smaller gaps occur
throughout the material that have been filled in by means of interpolation from

comparisons with neighboring stations.

At Jastarnia for 31 August 1928, there is a break in the temperature and wind
observations. For 1929 in May, July, and December, the precipitation is not noted
for the 31st. In September 1931, there is no precipitation noted for the first 10
days. These breaks have been filled ir by means of comparisons with the Hel and
Chatupy locales. The rain gauge in Jastarnia had been set up in an unsuitable loca-
tion (it was surrounded by trees and farm buildings). For this reason, the values
for precipitation, as well as the values for wind velocity and wind direction, for
the same reasons, should be taken with some reservation at this station. There is
a break in the results of meteorological observations from December 1937 at the
Pucka station. The mean monthly values have been filled in on the basis of compari-
son with data from Rozewie and Gdynia. Rozewie has been left out in elaboratioms

on the precipitation, because there are large breaks in the precipitations noted.




In the treatment of individual meteorological elements, auxiliary statistical

[ means have been used.




ANALYSIS OF CLIMATE ELEMENTS

Concerning the type of weather, as well as the type of climate, it is the

3 set of meteorological elements that is decisive; these elements include the temper-

ature, wind velocity and wind direction, precipitation, humidity, and other elements

forming a system with a dynamics that is unique with respect to itself. In this

kind of set, each element plays an important role, but at the same time, it is de~
pendent to a large degree on the course and behavior of the other elements. We

shall go now to an analysis of the individual meteorological elements.

I. Temperature

We shall begin the treatment of wind temperature recorded on the Hel Peninsula
with an analysis of the annual course based on the mean monthly values (Table 1 and
Fig. 1). The identical mean annual temperature of 7.8°C for all points on the Penin-
sula (Hel, Jastarnia, Chalupy) distinguishes it from the background. Whereas
Rozewie, Pucka, and Karwia show lower values, Gdynia differs from Hel by hardly
0.1°C toward the minus. The differences between individual stations only reach
decimal portions of a degree, and the greatest difference amounts to only 0.5°.

The entire sector of the Polish coast under study here is contained between the iso- 1

vents of 7° and 8°C.

Table 1. Monthly and annual mean temperatures (1928-1938)

. Month B o - Vear

Locale . i_,x—T .x—t_l“m v [ v pove fve v bax |ox Pxooxi !
Hel ' osl —10l 13 | a8 m.s! 1l 2 17.2| 1] 98 | 84 ! 10 ’ 18
Jastarnia ' —07| —09' 15 | 49 99+ 140{ 171 1747 143 | 98 | 53 | 1.z |18
Chatupy ~08] —0.9! 1.5 | 50 | 160 144 176, 175 | 143! 94 | 5.1 I 09 | 1-:
Gdynia —0.8) —1.0| 1.8 \ 53 u.'zl 14.8 175’ 172 137} 93 | 48 | 05 | 1.‘
Puck P10y —12; 1,3 | 48 | 104 n) wal 6] nty 89 | 4s I 04 | 7.3
Rozewie —1,0i —10i 13 | 43 | 04 34| 165! 188 134, 00, 47 | 08 'r'
ﬁamia —0.7) —08) 13 | 50 091 140 1700 Wl 1371 92 - a8 07 - U

Curves of the mean monthly temperatures over the course of a year have a simi- /E

lar character. The very small interval in values for the individual months is given
over the course of a year by only a single line, rising to its highest in July and

August, with a minimum in February. The mean values for July and August vary around

k—-—____________,“
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Table 2. Mean highest (a) and lowest (b) monthly and annual temperatures

(1928-1938)
T T — - e Month - ’;w’par
Locale l b m v | v | v | vt l_‘f J __’.‘_.|._3‘_l-'.-x" ——
- : EE T e R R T T gt 1ne 18 a6 8
/ ol gm. e g aq ! tsg] w2l w2l wat ey o1
| a 222 52 69 | 13w 15 ! | 9
Hel b ’l -85 =920 —13f 12| T, 7] 1582 155 113 A T 4 B R
; ' - VG TR N SR I %
e L L R LS R R :
.Jastarma oa 1.91 RAY ERLY . 3 r 0 . 33 —1g 63
T b -34) —88, ~16] 16 7.6; 18] 154 1531 185 ui 3, ) X
| f . fng 2 2) WY g 184, 11| T2 a2 92
h I a L7 22 57, 1, 122 14.2 : . . -
Chahiby bhldol —ay 16l 21 7o 1zol 66 1577 e’ 711 33 | ~17 6
A k ' ' ' N -
- " i 1581 108 7.1 3.0 92
.t 9. “ 18 14,2 16,8 1.4 I 196 ] 8 ‘ ;
Gdynia a 2,0, 2.1 «,7‘ R 3 l . " . . . 26 —2.3 63
y b | —47T —102. <16, 14 88, 124 | 163 157 L3 70, T
: ' “r y 5 190 148 1040 69 . 30 B3
a 181 20. 577 72} 132, 160 | 18¢ o e —ae s
Puck b | —44. —9u —23| 11 '7.9| 1LT1 153 1T 108 68 24 | . o
‘ ' s 4 ImA (55 104 A8 1 8
7 33 6,8 1 1200 1571 183 184 I35
Rowrwie a l.:i 1o 23 . ' =y - ) 64! 28 20 38
bl a1 —8a. -5 13 ..oi 108 ] 154 118 11y ’ ‘, e,
: Sy . . i : 183 108 32 :
O TR P TR R R P R VR S A TN S ) P10, 3 .
Korne N B ol L ot el e 1 a1 sy a4
ﬂ’tl'
. ' Fig. 1. Annual course of mean
1 monthly temperatures at the Hel
station (1928-1938).




17°C, with the exception of Rozewie and Pucka, which show lower values. The
minimum in February varies across the interval from -0.8 (Karwia) to ~1.2 (Puck). j

The differences between individual locales are insignificant.

The means for the individual stations over the course of 1l years show no

special variatioms.

From a compilation of mean extreme values for a given month (Table 2), which }
gives in a general outline a view of the variability of this element from year to i
year, we may see that it is only February that is distinguished by a greater inter- %
val of values; for Hel, this interval is 11.4° and for Gdynia 12.4°. It is neces-
sary to note that the February minimum falls in the year 1929, but this is charac-
teristic as regards the exceptionally bitter course of the winter for all of Poland
for that year. In addition, the greatest mean annual temperature was recorded in
1934 at all the stations.

Table 3 illustrates the annual temperature amplitudes. The numbers contained
in it stress the prominent influence of the sea on the regulation and control of

3 the thermal relationships; for all the stations, the annual amplitudes are only

around 18°C.

Table 3. Annual high temperature (1928-1938)

i High temperature

Locale | for the year
el ! ‘ 1
Jastarmae ! 183
Chalupy { 18,5
Gdynin | 18.%
puck ; 18.0
ROZCW e { 174
Karwia ; 17.8

The absolute temperature minima and maxima are shown in Table 4. The highest |
temperature at Hel reaches 31.7°, which accompanies the passage of continental masses
and among the mean annual or monthly air temperatures, is not significant. The rela-

tively high minimums (-17.1° at Hel, -18.3° at Gdynia, -20.4° at Karwia) are charac-

teristic for coastal areas. It is necessary to note, however, that in Table 4, it
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Table 4. Absolute temperature maxima (a) and minima (b) 91930-1938)

L . [ Month
dCAaAlLlLe . - B - e —————— -
N ot s m o yw v v v i bax |ox | xt _J xu_
fel a g3, A& | me o 1T 27 31.7] :;osl 31.5] awal 21,4] 125 9,0
b Y0 -t b —i2d - Te] =49 03 6.6’ 531 -09) -22] -72 [ --143
N N l : ]
Gdynia a s 124 a12 w0 412 3300 3300 241! 2920 236, 158 116
. R 154 10 -nad =23 10, G8{ T2 15 -21] 103 | —156
. ' | | '
Rarw.a a o 12,0 20.8 238! 322, 347! 316 338 320| 24.7! 181 | 188
b i Ve w14 -5 46, &1 —08] -22) —11,7 | --183

is the time interval from 1530 to 1938 that was under consideration, and the low

temperatures of the bitter winter of 1928/1929 were not considered.

The nuwoer of days with minimum teperatures for a 24-hour period lower than
0° is on the average for Hel 95.8, 105.3 for Karwia, and 91.4 for Gdynia. Their
distribution over the period of a year is shown in Table 5. In Hel and Karwia, it
is only July and August that are free of frost.* 1In addition, Gdynia recorded no /¢

temperature below 0° in June and September.

Table 5. The average number of days with minimum temperatures for
a 24-hour period lower than 0°C (1929-1938)

T Month ’ Y.
Locale feom e e e eeh . - — - = ——| Year

N TR I (T S B L B vi v Jvi fax | ox | x| oxu o

T S e A C
Hel i ' 21,1 ! 209 [ TR I (8 R I N A i ’ . ‘ 0.l | n5s ' 5.4 16.2 | 95,8
advnia A4 2050 172 ORI L R . R} 5,8 18,1 | 914
Karwiu s ! wr owr o we | own e bea D00 I ot | oa | 82 | 1931053

The dates for the last and first frosts are contained in Table 6. The average

number of days without frost is at 177 for Hel, 176 for Karwia, and 214 for Gdynia.

The durations for the individual seasons of the year (Table 7) are noted tak-
ing for the pre-spring and pre-winter the average daily temperatures to be between
0° and 5°, from 5° to 15° for spring and autumn, higher than 15° for the summer,
and lower than 0°C for the winter. Taking the number of days for pre-spring and

spring or for pre-winter and autumn together, it can be seen that the shortest
season of the year at Hel is summer, and then winter. The transitional periods

*The months that are free of frost are noted in Table 5 with dots.
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between these seasons are long (101 and 104 days). The vegetation period for Hel
is 208 days, with an average date for the beginning of 23 April and for the end
16 November. The farming season is considerably longer (281 days), lasting from

13 March to 19 December.

Table 6. Dates of the last (a) and first (b) frosts (1929-1938)

Average date- Dates for the appearance of frost
Locale of appearance
of frost Earliest Latest
Hel a 8 May 13 April 1934 2 June 1932
b 2 November 29 September 1931 |20 December 1929
Gdynia a | 19 April 31 March 1937 9 May 1935
b | 20 November 27 October 1931 14 December 1938
Karwia a 1 May 1 April 1937 1 June 1930
; b | 25 October 29 September 1931 |19 November 1935
L

Table 7. Duration of individual seasons of the year at Hel station

Season of Average date Number of
the year Beginning End days
Pre-spring 13 March 22 April 41
Spring 23 April 21 June 60
Summer 22 June 6 September 77
Autumn 7 September | 16 November 71
Pre-winter 17 October 19 December 33

i Winter 20 December 12 March 84

The temperature variability from month to month (Table 8) is characterized by
a large jump from April to May (from 4.9 to 6.0). A relatively large divergence
(lower than 4.0) was recorded in the period from September to December. The small-
est differences occur between January and February, as well as between July and

August.

The temperature on the Hel Peninsula is characterized, at the same time, by
great variability from day to day (Table 9). The most frequent changes towards the

minus take place in the month of January, but the greatest sum of the values of

7
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Table 8. Temperature variability from month to month on the basis of
average monthly temperatures (1928-1938)
T ' T T Month L
Locale s - ‘ an
ru | /i I ur v | IV/V I vt VI vit lvu VIIT VHLIX § P( x I X/xt ]Xl/xu X1
Het —04 | 2a 1 baa | vss | oas w0 00 | 30 |3 | —4a | —44 | —18
Jastarnia 0.0 ¢ -24 | i34 [ ta0 byl S 4l tog 0 -3l I-——-t.s ~4.5 | —41 l»-z.l
Chalupy =0 PR | +a.s ! “ 50 | i da 3 =0l ;—3.2 U e & o2 ‘—U
Gdynia | = fas i +35 ) - 60 |t 26 | ~04  —35 -3 | —45 | —3 | 13
Puck [ =02 © 25, a6 | 5,3 0 H3T S S R N AR R D
Rozewie ] : +23 ' +3.2 | 149 | 4,0 FAL 0l —32 ¢ —44 | —43 | —41 —1.8
Karwio S S T SIS SR YIRS f S, 1 S K B R L s L R
Table 9. Temperature variability from day to day in individual months
at the Hel station according to the average daily temperatures
for the perlod 1928-1938
o T i T T Month T
Number of changes e bt ——m
SR T S B 11 B B (U SR U AR O l vt [ vnp T | x 1 oxr i st
T J T A | l
VYumber of changes in minus . 9 | 18 11 ‘ 12 11 1o . 1t 1o 17 l§ I 118
Number of changes in plus ! 1 !} 1|' 1 | [ w1 dn 19 10 | 13
Sum of value of changes/minus- &4i—ﬁ£ =3B —dii o6 —hl'—ﬂlv —SJQ—JJ -—&9|—4J‘ -8
Sum of value of changes/plus 47 71l &3i wx’ 103! 102! &5 451 54) 38

these kinds of changes falls in November (-9.6). In general, the months from

August to December, as well as from January and February, show greater than 507

of days with changes towards the minus, whereas in the other months this variability
is present for only 10% of the days. The greatest occurrence of heat waves takes
place in May and June with an equally frequent number of the greatest sums for
changes towards the plus. March should be placed in third position, which despite
the fact that it has the same number of changes towards the plus as May and June,

still the sum of the value of these changes is lower (9.3).

The temperature variability from day to day is great; this may be seen vividly

on a graph of the yearly course of the 24-hour temperatures (Table 10 and Fig. 2).
High mean monthly temperatures for the winter period (December, January, February)

are characteristic for coastal regions, and this is reflected in agreement in the
high daily mean temperatures, which oscillate around a value not much lower than

o°c.

We shall go now to a description of the curve of mean daily temperatures for

the period 1928-1938 shown in Fig. 2.

/7
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Fig. 2. Yearly course of 24-hour temperatures at Hel station according to the
mean normal temperatures (for the period 1928-1938).

The annual course of temperatures for the Hel station shows its greatest and
least variation during the winter period. The lowest temperaturesrecorded are
towards the end of the first 10-day period in February. From the midpoint in
March, the curve begins to rise, showing only relatively small fluctuations during
the encroachments of colder waves of air. A great temperature increase follows in
the first days of May. During this period, the curve increases to higher values
than the mean annual temperature, which for the Hel station is 7.8°C. The marked
bends in the curve for May indicate the frequent returns of cold air masses. The
greater invasion of warm masses is noted towards the end of the first 10-day period
in June, after which there follows a short-wave fluctuation in the curve with an

amplitude on the order of 1°C. In the first half of July, the temperature




Table 10. Mean daily temperature for Hel station (1928-1938)

) Month
! .
Day ' § e} ! w Y ! v | i v vin " X Xi Xii
B N . ) H

i "2 [ —1,0 : O N3 R4 lid 1.3 17,0 120 121 T 3
2 03 - 08 0,7 [ Nt 111 Vigs St HIDN | 11,0 [TR1} 23
3 0,1 U,! - L 200 e i [TERL R 10, Vit i 23
4 ~=0ed c-ded ~=1)yd Jei B, U, 1, 4 [ IR Dot 110 fo? .'J':
5 G ~,d N Seus [T} 1l gt | P et 1.3 Tw Ao
6 0,4 TN 0,5 T T I S FYe (i 15 e 0wt w2 4
K 0y ' —=9N -8 35 ' 1,1 124 16,8 174 Vb 1,1 T le
8 O R T T Y| s 9,4 B . Ve R ne o e h
9 -9 | 28 ~0d . a7 RS o) ] tel S 14 K]
10 -1,3 ' - XY 12 8.8 14 167 ‘g [P I § ] inhﬁ 9
n Cad  -lS ' =i} RN NT S S DX 162 15,4 14 lud o S w7
12 o4 b9 b 0w da 00 1 .4 15,5 g 10,0 tiel 1,8
1 a6 o i b wa o b T T X L X ud
I 03 ! “Lte 1.7 T Y TR B N R AT AP L M “'f .k? a8
15 5 —o5 | - 13 N W ay | 1A 176 X X SRR X )
16 04 1 —1d 1, ETC P 1 S B C X Ital 15,5 142 i 9.4 52 0}
2| ~a7 ) -2l 41 W1 e 6 168 148 100 B oy
18 B I ix ) (17X S LN RE Y N 1Y 44 1 0 2 L )
It —04 I —oz2 ; 1.7 i5 108 |l i 16,9 152, 97 ! a7 0d
2 08 ¢ =10 , 23 . 44 ¢ 108, 154 T2 1e? 14a4 l "5 : 29 - 02
21 —1,3 -2 2,4 s ' 1,3 ? M43 1o ¢ 188 1 134 03 33 ' -0
22 —14 4 =07 26 48 . 14 136 1T o 1es 129 a4 { a2 . 08
23 —36°d —~03 ° 26 ; &l 168 157 177 160 17 81, A0 -o’::
24 ] 7.0 —08 @ 27 | 648 118 158 184 165 , 126 | 84 . 39 Y
23 —i3 —1a P N - S X) [ 1as T 160 ¢ 133 ;83 ) 38 1
6 | Los @ —os 26 54 126 153 e 163 124 Y IRRY: 08
27 |- 00| —lo 23 . 66 | 130 16.1 181 174 124 | B3 44 09
28 |02 | -1, 24 . 66 ' 1zl 6L | 1l 1642 Ma 7836 34
2 | -04 -z ¢ 23 65 IS - T 10 17, 122 0 Kl 3 L
W[ —.2 27 20 1L | 161 11 163 1Z8 82 39 g&
3t —-14 ! 3.3 1.8 17.5 163 R XA 3

differences are not great, and in the second half the curve reaches its highest

point. A temperature drop is noted, however, after the August midpoint. From this

point on, the average 24-hour temperatures become successively smaller, showing
however several returns of waves of warm air masses. Towards the end of October,
the curve drops below the average annual value. In the second 10-day period of
November, a great temperature drop is noted, and this is the beginning of the pre-
winter period. Returns of warm air masses occur up to winter inclusively, and

this is noted in the curve by the numerous dips and spikes.

The analysis presented above of the annual course of mean temperatures for

a 24-hour period confirms the great temperature variability from day to day at
the Hel station.
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II. Winds

The wind is a very important element, particularly on the coast. With regard
to wind velocities, Gdynia and Hel occupy second place in Poland, immediately after
Snieska [16]. The most dangerous winds for sailing are winds out of the northeast,
north, and northwest. These winds are accompanied by large storm waves (2], cata-
strophic in their consequences both on the sea as well as on the coast; fortunately,

winds from these directions are not frequent.

On the scale of the whole year, it is the westerly winds that are the prevail-
ing ones (Table 11 and Fig. 3), with the exception of Rozewie and Karwia, which show
maximum frequencies for southwesterly winds. In general, the western sector is the

dominating one. Southerly winds are in second position, whereas the northerly and

easterly winds are least representative.

Table 11. Percentage fraction of specific wind directions (1928-1938)

Year L
o . ) __nm_n__,,_-' Direction - -
Locale N . ~e | £ | se | s | sw ! w NW JE§£E§
. T Lt L S '
Hel 0.3 l ar o amr Dous2 | one a2 ona ] w
Jastarnia . 9,7 8 . 88 RO 17 1E | 1% | S
Chatupy , 118 ‘ 91 | 102 B2 0 182 159 159 | 14 8
Rozewie 43 | 53 ' a0 147 . 88 . 203 ¢ 193 93 ' 1Y
Karwia O Y I U LR | 12,5 83
Puck ' 53 1 70 . 104 0 128, &L | 168 | 19,9 02 | 107
1 Gdynia Y LR ¥ SR X 128 135 1 134 197 | 1xs tK]
7!
H During the spring (Table 12 and Fig. 4), the area studied is an area where

various air masses cancel each other out: polar-sea (PPm), polar-continental (PPk),

as well as arctic air masses (PA). As a result, the fraction of easterly and west-
erly winds is of just about the same order, with the exception that on the Peninsula

it 1s the easterly winds that dominate, and on the land it is the westerly winds

(in Gdynia, it is the northwesterly winds). Certainly, local conditions have a /¢
great influence on these kinds of characteristic determinations of convergent wind

directions. Karwia, Rozewie, and Puck are shielded from the west, and this res-

tricts the free flow of westerly oceanic masses, whereas Gdynia is surrounded by
hills to the west and it directs the wind away through a streamline basin to the

southeast.
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Fig. 3. Wind directions in °/o on the Hel Peninsula and adjacent
coast for the year 1928-1938. Yearly.

During the summer (Table 13 and Fig. 5), barely 25% of the overall sum is
represented by westerly winds; this indicates the dominance of warm and humid
oceanic polar masses (PPm). It is exactly these northerly and northeasterly winds
which are unpleasantly perceived in the hottest seasons of the year. Winds from

southerly directions are registered most rarely.

The autumn season (Table 14 and Fig. 6), however, shows an increase in south-
erly winds. The southwesterly direction is the one most often encountered. West-
erly winds have a large share, and in Gdynia and Jastarnia, thev are the most frequent.

The weakest winds are recorded out of northerly, northeasterly, and easterly direc-

tions.
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Fig. 4. Wind directions in °/o on the Hel Peninsula and adjacent coast
for the years 1928-1938. Spring.
Table 12. Percent fraction of individual wind directions (1928-1938)
Spring
Direction
Locale x| oae ook ose b s oswo o bowo | ww . Calms
jlel Lo LW ) ; 123 f 9.7 ! w6 i 122t 18 1.8
Jastarn:a T4 123 143 | s8 : itl ' 60 12,4 82 - 130
caalipy R E S EY e Te el b oee o owa L s
W 1 . Wi W tad 1 s [ 16 o1 us 153
Rarwii X 14t | ST N | 5.2 i 104 ' 149 13.6 a0
puck i n U I X B O i 1.2
v © g o ITT%: S L X SN X B 3 S F I 4 83
The winter (Table 15 and Fig. 7) abounds in southerly winds. On the Penin-
sula and in Gdynia, it is a southerly wind that prevails, bringing with it warm /-

air masses, occasioning together with the Baltic a mild winter course on the coast.
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Fig. 5. Wind directions in °/o on the Hel Peninsula and adjacent coast for
the years 1928-1938. Summer.

Table 13. Percent fraction of individual wind directions (1928-1938) 1
Summer
Direction
Loc_ale ) I T B e | ~w Calms
P I -
Hel Lo 10,1 99 | T4 , A3 8.9 19,9 18y ! 46
Tantnrnia (ER] i [ 0 SR B ‘T "7 120 | i6ae
Chaluny 16,5 10,5 96 ' sz, s P12 218 L Y
Rozewie 35 38 | 5l a1 48 178 1 284 12,2 01T
Karwia 83 & ! 58 7.3 a3 | Mad M5 | 164 ¢ 1.3
Puck 8.3 88 2.7 7.0 B 138 | 264 1 WT | 128
Gdynia 7.8 I T T A X O LY EE Y - ER 2
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Table l4. Percent fraction of individual wind directions (1928-1938)
L Autumn Y
Locale i . Direction ~ -
. N e | e oS s swoot W Nw  {Calms_
) |
Het a4 W ( 0T 121 2 i (TR S F5 %8
Jastarnia 8.1 54 ! ] 25 ' 143 16 187 | Tl 11,1
Chatupy 8.8 PR %l 200 w1 X X 2,4
Rozewie 41 Wl 4 o L R 1n.4 Yed K]
Karwia o i ag 138 s . 1Y 1,1 vA
Puck N T 1445 114 252 1 724 1 1L
Gdynia Lo S R N L P N Rk B
—— - —— i)
r r——— . = - - e, v —— — o —— -"r r
i
!
. dozewie ’
,{ \ L ——— ———— - - e S—————
/ Chalupy
»d !
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? ’ a
(../‘4’ \ i
\ \ \
\\ Hel :
. \ |
- !
! |
. \ ’
ymane 5
%L-——:~-- ¢ L P L Okemradn ! '
direction of ! ,
prevailing winds {
* i
Fig. 6. Wind directions in °/o on the Hel Peninsula and adjacent coast
for the years 1928-1938. Autumn.
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Table 15. Percent fraction of individual wind directions (1928-1938)
Winter 7 " 7
’ i A - .Dipection e o —
Locale ! . T s osw | ow | oww Calms
' ‘ ‘ i
tel LS 4d #2 18,3 21,4 14.6 15,7 98 1 40
. ro 182 5 6 1 &l
Jastarnia 39 8 14 11,2 214 R 170 o )
Caalupy l 46 | 9o 8 ¢ 104 23,7 202 e |78 ‘ 2,4
Ragewic 2 | 48 53 | 202 13,6 235 My 172 1 63
sarwia l 54 58 75 0 19 129 24 12 | 87 42
ek Coa0 L a2 s "o 12,5 200 ws L AU 80
Gdyma C38 1 32 38, 153 20,8 152 | g oo @ 4

Rozewie, Karwia, and Puck have a prevalence of southwesterly winds.

of air masses out of the north, northeast, and east is small.
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The portion of calms (Table 16) is shown in percentages in relation to indivi-
dual seasons of the year. The least number of calms is recorded in Hel and Gdynia
during the autumn, whereas for the other stations it is during the winter. The

maximum number of calms shown for Hel and Gdynia is during the spring, and for the

Table 16. Percentage fraction of calms in individual seasons of the year
(1928-1938)

Local Season .

tocate ! Spring ! Summer | Autumn | Vinter i Yearly
Hel T a8 { 46 2.8 10 4,0
Jastamia 13,0 15,8 11,1 8,1 12,0
Chatupy 46 5.0 24 24 38
Rozewie 123 ‘ 15,7 9,4 63 11.0
Karwia 9,0 | 1L3 88 42 8.3
Puck 112 | 124 1.0 30 | 10,7
Gdynia 88 | 78 43 | 45 | 63

other locations during the summer. On the annual scale, the least number of calms
is observed in Chatupy and in Hel, and the greatest number is observed in Jastarnia
(data from Jastarnia, as has already been noted, should be taken with certain reser-
vation). It is possible, therefore, to emphasize with strong probability that the

Peninsula, in relation to its background, has about 50% less periods of calm.

As far as wind velocities are concerued, it ic possible to observe a certain

regularity in the monthly averages over the course of a year (Table 17 and Fig. 8).

Maxima for the wind velocity are in the winter months, and minima are in May or in /:

the summer months. Wind velocities during the autumn are greater than velocities

observed in the spring.

Table 17. Annual course of mean monthly wind velocities in m/sec
(1928-1938)

e _— - — - — e g—— "
Month :
Locale . e T e
) 1 | ou mo | v | v | vt fva Jem [ ax Pox bxe toxn fear
\ R i R S
Hel 8.2 | 60 | 50 | 47 41 |41 41 1 43 | 48 5 58 | 5B . 61 1 Sl
Iastarnia a3 | 40 | 36 133 24 27 24 38§34 143 ) AL a0 35
Chalupy Sl | SJ T oad 4l 32 o3 36 3a | 42 | 30 i 48 50 - 43
Gdynia ) 8.1 B2 i 52 | 49 ! 34 : 43 40 a2 0 a8 l 54 35 . 683 ! S0
I'uck 55 160 187 | s ! I R I I A R L
liozewic S8 | 57 150 1 39 D oad | s a8 ona a3 8 52 ST L 44
Karwia 49 | 53 | 43 [ 39 | 32 1 38 | 35 . 23 I 41 49 @ 44 47 1 32
|
i
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Tig. 8. Annual course of wind velocities in m/sec (monthly means for the
period 1928-1938)

The values for extremes in mean monthly wind velocities are assembled in
Table 18. The greatest variability in mean monthly wind velocities may be observed
in November and December, as well as in February and March. The least variability
in wind velocities on the Hel Peninsula occurs during the spring (in April and May),
and for the other stations during the summer (with the exception of Rozewie, which
is in May). A characteristic feature of the area under study is the occurrence of

great absolute wind velocities over the course of almost the whole year.

In almost all months, a wind with velocities greater than 20 m/sec may be ob-
served; however, the winter months and the autumn are unique in this respect. Dur-

ing the summer, great wind velocities occur only sporadically.

Classifying the winds with respect to their velocities into four basic groups,

we get the following numerical ratios for the Hel station:

18




- weak winds (1-5 m/sec): on the average, 631 during the year
equals: 60.1%

- moderate winds (6~10 m/sec): on the average, 351 during the year
equals: 33.4%

- strong winds (11-15 m/sec): on the average, 46 during the year
equals: 4.4%

- very strong winds (16-20 m/sec): on the average, 22 during the year

equals: 2.1%.

Table 18. Mean monthly values for extremes of wind velocity in
m/sec (1928-1938)

4 Locale b ) - Month _ ,
3 P ol oot v v fove fvn b bax [ YR T | l Yearly
. - . . . - . . , -— -
] Hel , RO | aL oo o4 52 055 | 59 | 68 60 | 80 |07 | 33 ! 59
' T R Y N TR FINE TR I T A L N X I N R ¥
' - :
) Jastarnia 58 | 68 &al 4.4 3.3 ' dad | 42 ; 51 4 52 | 58 i 65 ! 5
F 30 | 29 z.zil 2w e, 08 LS 20 | 23 | 4| 28 | 22 :
Chatupy 6o | B2 | GO 49 45 ' Bl 54 0 80 59 1 60 | 63 | 85 1 49
R a1 :ni {5 20 1 2l 24 0 N0 28 a4 dub ! E NP
: Gdyni 90 | 04 | B 73 83 | 63 64 | Bl 0 81 0 T2 | TT ) 9 | 64
41140 30, 30 26 ¢ o34 2 L7029 38 | 3R Do D 4T
i - S . .
puck 9.2 | 87 m.*.i 4 63 | 57 S8 54 . 53 | T0 6D {33  6d
1 LR B Y ) R N L R T
3 i .
quewie n,y I ] e i R S TR X | Gd bl wdoond sl 3
3.7 3.4 :" 2.l 1,8 20 20 A 20 01T A { 26 *9
b '
RarWid no 84 o8 A2, A | 6k A 41 | 5.2 [P W
29 033 | onT o2y 20 | 20 22, 26 28 e o baaowa7

Table 19. Maximum absolute wind velocities in m/sec in the
individual months (1928-1938)

Local T Month .
ocale o -- - - S - !
o o ) m o o v v v | oax x| Xt oxu
2ot . ! ! t " '

, Hel >20 , >20 | 20| 20 20 } 4] a0t 20 ; 20 0 s ! 2

4 Jastarnia S20! >20 20 [ a0 0] ‘20| >0 ! w0 ( 20 0 0 - i
Chalupy > 20 I >20 ) >20; 20| 20 o0 ~20 ~wy >20' “21! .2 \ s 0
Rozewic REIRC IR Pouao ! vy 20! 200 s l ~20 0 2
Karwia | > 20 20 l 0| w0 l P Wl 2 0 W, T - 20
Gdynia | ~20f ;20 20 ! 17 20 T o w| w00

k-
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Table 20 gives the annual course of individual wind groups. In Table 21, /1

in addition, the proportions for each of the given wind groups are given for each

month. The data from both of these tables concerns the fact that the winter and
autumn are periods for the greatest wind intensity with the greatest velocities,

3 and that they are the storm periods that are so characteristic for coastal and

sea regions. It is true that the greatest percentage in each month is shown by
weak winds (with a maximum in May), but we feel the strong winds much more sharply

and for that reason, we give them greater consideration.

Table 20. Percentage distribution of individual wind groups over the
course of a year for Hel station (1928-1938)

: Month N
Winds ‘ ( b w o om | ow | TR T vie o x | x2 ! it
. ; ‘ . é
Weak {63 b e Poar loTa | oaed ) o10g oo a8 ! sy | | T3
Moderate Do lows gy a3l s8] s3 ) 63 | 58| 3 68 l 03 | 108 | 100
Strong PUIs2 o1e | 8T | 43 22 2.1 6,5 8,3 } 109 | 109 108 | (09
Jery strong , 190 ¢ 208 - 81 45 14 . 27 32 | 5 | we | a1, a2
- AP
{
:
t Table 21. Percentage portion for the given wind groups in individual
E months for Hel station (1928-1938)
3 ' T Month B
[ Winds oo on ! moow Lov fown vie | v wo|ox Xt Xu
] i . : ' . . ‘. , .
,5 : | v | I ’ st 5Ll
?‘ ! s | oaod oz [ oasa | omee [ omae | oma2 |osea poest Dodss bost oo
tode ! 437 | 9.0 ' 322 | 373 | e | 23 | a3 ) 250 | 218 a20 | 409 0 389
Moderate 7 0 i " . a5
Strong A 83 | 44 24 11 11 34 | 34 a0 83 3. |
Very strong | W8 | 57 ; 221 12| o3 A 0T ;OB 12y 1| 23 44

If we take the l6-direction scale for the strong winds and the very strong
winds, we come up with the situation given in Table 22. It turns out that the
winds of this group fall for the most part among the westerly, west-northwesterly,
and northwesterly winds. About 9% of them blow from the southeasterly direction,
and somewhat lower than this value are the winds from the southwest and west-southwest,
with the remaining storm wind directions occurring very rarely, if the possibility

of their existence occurs at all.

The distribution of wind velocities and wind directions as values for the

mean monthly velocities and directions are presented in Table 23 and Fig. 9.
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Table 22. Percentage proportion and
numober of wind groups at Hel station.

.

wind Strong winds , Very strong wincs
iirection‘number’ . ! yumber
N : T s 03 2
NNE wo L B Y I
‘ NE 2,1 14 FE PR s
ENE % I R L
E 2.8 S0 ! ot H4
ESE a0 ' L ‘ IRY H
SE 4,0 dat 2l u,l
SSE 24 - 4,0
S 2 a1 W7
SSW 19 EW] . 0,4 ()
! SW i T 14 tid
. WSW g T4 o, 4.5
3 W 8.3 18 Pond 2406
WNW LU {18V 20 W1
NW LR} 9,6 3 {1
NNW . 14 14 Cooan pes
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Table 23.
Month 3 5%
- oun

1S —~
2 uc
S >
January RA R
Tebruary 8 45
'.[arch FXY 4.6
April 120 A6
1ay 1748 38
June 128 5.0
July 1T AL
lugust 16 1Y
September 118 4.
Jctober 6,1 343
Jovember &% 39
december A8 350

Percentage portion as well as mean wind velocities in m/sec
for Hel station (the values are given for each month of the
year in the period 1928-1938)

Portion

LM
[
651

142

18,41

1na-
T

1.5
T8
38

b
-y

43,

N

Veloc.

LR
3
.04
48
44
3.4
2.4
5.3
.l
3y

]

4.5

in sec

Direction and force of

Portion

tie
RIN)
114G
15¢
10
13
"‘l .
95|
i
LR
12’
LA

+

Veloc.
in sec

Ser
Gl
.8
ERI
]
3.5
3.0
4,0
44
8
34
4.4

i
[

Portion

1091
97!
154

11)

Veloc.

h1d

in sec

Gal
a7
-4,3
4,2
32
38
3.3
34
4,4
5,5
th
63

Portion

S

234,
16,0,
120
9,1
75
83
6,5
10.2
16,0
214
3548
25,8

Veloc.

in sec

tidi
49
40
4.3
33
3.0
19
37
4,3
53
5,5
5.7

wind
o SwW
Q ‘e
Lol 9]
w9
L] |-
2 |
=¥ >
T oM
93| 55
112 46
By 46
W81 4.7
9u| 36
10,7] 4,5
Ll 45
1.3 57
1991 6
188( 86
152 55

in sec

Portion

. loM
YT

1.2

i

t

i 16,2,

10.1 i

9.3
19,5
219

18,3

208
133
128

g NW. o
- UV
o 2w
et

o lu e
a |> -
u.zi Gl
1251 58
130 47
108 50
13,6, 50
Al 44
20,2, 5.
180 5,7
1481 59
112 58
8 52
81! 34

X6

S8

4,0
| 68
. 38
‘ al
i 52
. 58
;48
1 2P
V18
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In this array as well, one's eye is drawn to the greatest portion of winds out of

directions with westerly components for almost all the months.

shall take up the characterization of the individual months.

Januarx.

velocities of 6.6 m/sec, and the southwesterly winds come next.

At this point, we

The greatest frequency is shown here for southerly winds with average

The portion of

winds out of the west and southeast with identical mean monthly velocities of

6.8 m/sec is quite high.

Winds out of the north and northeast are least attested,

and they are relatively weak.

February.

of occurrence (17.7%) and as regards velocities of 6.0 m/sec.

are in second place, followed by southeasterly winds.

Westerly winds dominate for the month of February as regards frequency

Southerly winds

Northerly and northeasterly

winds occur more often than in January, but they are by far the rarest in this

month.
March. In March, a very decided portion of westerly winds may be observed. South~
eastly and northwesterly winds follow in their frequency of occurrence. The

northerly and northeasterly winds are weakest in this sequence.

b
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april.

velocity, the strongest are westerly and northwesterly winds. In

more rarely.

(5.1 m/sec), followed by northwesterly winds (4.4 m/sec).

August. In August, it is westerly and northwesterly winds that are
quent, but the westerly and northwesterly winds decrease in their
portion for a gain in the northeasterly and southerly directions.

winds are quite frequent.

September. The portion of northerly winds is similar to the number
ever, westerly winds, as well as northwesterly winds, despite the

are most frequently represented, lose their significance in terms

erly winds are noted to a slightly smaller extent. Northeasterly

winds have only a small portion.

winds. Northeasterly and easterly winds show the least frequency.

In April, it is winds with an easterly component, that is, easterly, south-

easterly, and northeasterly winds which predominate; however, with respect to

distinction to

the previous month, the southwesterly and southerly winds occur most rarely, and

southerly winds are a more frequent phenomenon than westerly winds.

May. Winds out of northeasterly, northerly, and easterly, as well as northwesterly

directions predominate in May. The other wind directions occur significantly

June. In June in the next sequence, the portion of northerly winds with mean veloc-

ities of 5.0 m/sec is significant, although the most frequent are westerly winds

July. The situation in July is similar to the one in June, with the exception that
it is the westerly and northwesterly winds that have a higher percentage share;
this is shown in the numbers 21.8% and 20.27%, the largest not only for the monthly
scale, but also the annual scale. In addition, the number of northerly winds is

significant. The southeasterly and southerly winds are mcst weakly noted.

the most fre-
percentage

Northerly

in August; how-
fact that they

of numbers,

and as a consequence, there is an increase in the percentage portion of southerly

October. In October, the southerly winds are the highest. Westerly and southwest-

and northerly

November and December. In November and December, winds with a southerly component




are the prevailing ones, that is, southerly, southwesterly, and southeasterly.
Westerly winds show a significant frequency, and northerly znd northeasterly winds l

are a rarity.

III. Pressure

Pressures on the Hel Peninsula reach high values. The mean annua' value (in i
terms of real levels) for Hel is 760.6 mm (Table 24). Over the course of a year,
the mean monthly value reaches a high in December and a minimum in April. In ab-
solute extremes, the maximum pressure falls in December, amounting to 787.1 mm. In

addition, the absolute minimum is noted in January at a value of 721.2 mm.

Table 24. Mean monthly pressures in millimeters for Hel station (1931-1938)

Month o l 1
- - - —mmn - e e e e e memes — - Yearly
Locale ! 1 ooy v vi | owen vin Lo ox | oxe ) oxm |

Hel , : . i ; ' ; ; ‘ !
3 WO 4dm TOR2 L TS0 e RS T6LA 006 TSN | THO3 | T6L0 7509 | 7623 | 1628 607

The numbers given above, however, do not at all present a representative pic-

ture of the yearly pressure course in the area under study. For the purpose of
gaining a picture for the course of this element, consecutive curves for the Hel

weather station have been plotted, taking as the basis the mean pressures for a

24~hour period from three consecutive days (Fig. 10).

Sinoiniha At et |

Taken generally, this curve possesses a form close to a sinusoidal one with very
irregular periods, aswell asdiffering fluctuations in the amplitudes. The amplitudes
are greatest in the winter months, and the curve reaches a high point in December
at day 22. After this maximum, there follows a deep depression (day 3 of February,

a second order minimum). The second-order maximum on day 19 of November precedes

a steep pressure drop before the third day of December, if we eliminate the small
disturbances in the curve in the region for the 26th to the 29th of November. The
continuous curve does not indicate, however, the lowest point in the above-cited lows.
This minimum is noted on the 29th day of October. The smoothest course is shown for
the curve in May. In June, July, and August, it has a somewhat varied character, but

beginning with September, it begins to fluctuate considerably, at first over a small
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3 Fiz. 10. Continuous curves for the course of pressure over
24-nour periods for Hel station (for the period 1931-1938).
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{ period, which then in October and November is expressed very well. The course
i of the pressure curve in March and April is much more moderate than in the winter

months, but in comparison with the curve from May, it has a greater number of bends.

In connection with the mean annual values, shown in Fig. 10 by the broken line,
it is only in April and July when the pressure falls lower than this value; in May,
the course of pressure is above the mean annual, and in the rest of the months, it

often crosses this value both in the plus as well as minus directions.

IV. Precipitation

Precipitation, which is an important typological measurement of climate, reaches
in our series of observations on the Hel Peninsula, yearly sums from 465 mm (at

Jastarnia) to 551 mm (at Hel). The nearest coastal section has somewhat more rain

than this. The data from Gdynia diverge only by a little from the values for Hel,
that is, by only 7 mm on the plus side. 1In Puck, on the other hand, there are only

570 mm of precipitation noted annually, and in Karwia 645 mm.

As may be seen from a map (Fig. 11), the high of the yearly sums decreases in
the direction toward the sea. In addition, the orographics of the terrain, as well

as differences in the thermal conditions of the surface, have a decisive effect on

— R I
T
; s Y ‘(..

; Q( N
N

i L% N lk
! N 7
’ . A
N ' \ 7
;_”_,-_m.__-, ‘ P Fig. 11. Yearly amounts of precipitation
) l 5 : in mm.
.-‘-;-"c.‘m.
l \

the drop in precipitation highs over the area of the sea. The water vapor contained
in the air condenses on the windward side of the moraine hills, but it is also true

that the sea region is a terrain with less intense currents. From this, the
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isohyets show a drop in value in the direction of the sea.

Table 25 and Fig. 12 show the amounts of precipitation recorded in individual

* months of the year in percentages of the yearly amounts. The minimum precipitation
falls in the month of January. In general, the winter season is the poorest in
precipitation. The maximum for all the months occurs in July. Around 60% of the
annual total atmospheric precipitation falls in the months from June to October in-
clusively. In general, the course of precipitation in the area studied is not typi-

cal for a sea climate.

Guyni

Fig. 12. The course of precipi-

tation for the period of a year

Jastorma s (monthly amounts in percentages
1B of the yearly amount) (1928-1938).
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When we consider the number of days with precipitation (Table 26), it can be
seen that the mean for the winter season differs only slightly from the number of
days in a season that has much rain. This fact, which is characteristic for the
course of precipitation in the winter, in the late fall, and even in the early
spring, comes about as a result of the rainy weather (the so-called "szaruga,"

"bad weather, squall”). The unconditional maxima for the number of days with precipi-
tation show no difference between the seasons mentioned above, with the exception of
May which has the least number of days of precipitation over the annual course. On

the scale of the whole year, the least number of days with precipitation is recorded
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Table 25. Yearly amounts of precipitation in millimeters, as well as
monthly amounts in percentages of the yearly amounts (1928-1938)

Locale Yearly' o ' Month
ramount, aopm oav | | vr ; vt Ivmj x | x | xi J %1
R . I

Hes '3 L 5E 52 60 8.1, Sl Ul 3l us el e
asiarm.a ST e A0 A8 108 | ILL L I 102 123 122 ) 64 | 57
hotupy T T 9.0[ e | 138 o] 128 122 59 B
nlynais LoV S N X W2 og T 12.1, 157 114 83 | 55
e oy el P A 1w IS0 G 1S 124 6o | 63
AATWIE TN M ad ad 58 T4 80 WA 00 1220 1300 w2 | e

in Jastarnia (125), followed by Karwia (135). The greatest annual high for preci-
pitation in Karwia may be interpreted, therefore, as the greater intensity of this
element in relation to the other locales. Hel, Chatupy, Gdynia, and Puck show about

150 days per year of precipitation.

The absolute highs for the maximum for a 24-hour period in the individual
months are shown in Table 27. The maximum 24-hour period values for precipitation
were noted in June, July, and August. The greatest 24-hour period of precipitation
of all the observed locales achieved a value over 50 mm. Gdynia alone recorded on
the 3rd day of August 1932 in the morning hours a torrential rainfall with a high
of 119.1 mm with winds out of the east and northeast with a slight drop in pressure
(from 758.4 to 755.7 mm).

Table 26. Mean and maximum number of days with precipitation (1928-1938)

Month

Locale ¢
T N T T B B TUR TR veooove vt s x | xr un Tear
Hel mean; 44 oyl oazo e b al s 13 o 1w
aax., 28, 19 Ay 14 4T it 1 n sl [ & 1] ) 149
Jastarnin ‘mean: o ! 1o i 9 mn vy b ; 0 13 i it 12
max. 21 o1 17 1 14 19 ' 24 o2 14 19 1
Chatupy mnean 1 1t -1 n oo 13 19 i 17 12 B 145
max. I 17 19 H 16 14 1 1 2 24 230 182

' H !

Gdynia mean, j L LI K n oo o N 16 120 14 154
max., 2 ;19 | 20 18 W w 0 17 N 2 2 2000 200
Puck mean’ i 15 { 12 15 10 ' 10 13 11 15 18 14 15 139
max., 22 ! 23 w18 15 14 T 0 28 24 20 0N 185

' .
Karwia | mean; 12 }] w1 8 10 12 9 13 - 1% 13 ; 12 18
'max., =1 18 19 14 11 17 T B o2 o2 19 158




Table 27. Absolute high of maximum precipitation for a 24-hour period
{1928-1938)

- - T ‘ ) “Month
Locale - . - --
S Y SR TT S B VAR violovn i I XAt <

‘ i i .

Hel L3 152 . 812 : 170 | 259 | 367 IR sT2 ) S 298 122 63
Jastarnia PR3 125 0 208 | 167 1 a2 | w8 40 | wsa | o2an | o2sl | ois2 o1
Chatupy Polaz o2 oo ! 152 1 24 0 532ty g a4 ] od | an2 s
Gdynia BT L T BT 11 U X A% SETY Y Y S BT X S T LIS % B Iy AR X
Puck g 24 e PR AL 4Ter 327 a6 ang 302 1 168 188
Karwia N E . E A 179 0 1ms sl s 31 113 39,6 284 . 182 8

Fluctuations in the precipitation highs in the individual months for the 11-
year period (Table 28) are considerable, particularly in December, February, and
March, and during the rainy season in August; on the other hand, July shows the
least divergence in this respect. In the remaining months, the precipitation be-

haves in a variable manner.

At the Hel station, there are five months for the period under study in which
the overall amount of precipitation recorded was less than 25% of the mean perennial
amount (January, February, March, June, August), and there were five months in
which the amount of precipitation was higher than 200% of the mean perennial amount.
Gdynia has only three months with amounts less than 25% of the mean value and seven
months higher than 200% of this amount. In Karwia, these values are respectively
three and six months. From this, it emerges that both dry periods (lower than 25%
of the mean perennial value), as well as periods of great precipitation (over 200%)

are very rare on the coast.

Variability in precipitation from year to year is also not too accentuated.
Extreme values for Hel station are seen (Table 28) in the numbers 705 mm and 417 mm,
which amount to 128% and 76% of the mean perennial amounts. A similar situation
arises in other locales. 1In general, the year most abundant in precipitation shows

an amount twice as high as the year with least precipitation.

We shall now take a look at snow precipitation whose average on extreme dates of
first fall and last fall are shown in Table 29. The average period in which it is
possible for snow to fall in the section of the coast under study here lasts from
the third 10-day period of November until the beginning of the second 10-day period
in April. In Karwia, this period is shorter by about 20 days. The earliest recorded
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Table 28. Maximum and minimum precipitation amounts for individual
months of the year (1928-1938)

, L T ' ) Month T ’ T j
. ale ' - .
G b v v v v v | oax X | oxE | X | _‘f:‘r
. Max 48 0 4y ‘ it 47 123t 151 140 wd 21 38 I
Hel i . Lo : it ‘
i Moy I 5 i . I, 8. 40 14 l pa '} ‘ 371 13 ' 11 ‘ 417
' U g ! = | oy | | SO -
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I ' » N ., v
Chatupy CoMax o 34 a2 w2 i+ 10 wa| 1200 120| 106, 124 48 ‘ 73 650
A ) " Al 3 v z 18 1 0112 I B/o24. W0 8 M
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{ PMmd 3G | w0 w98 2m| e 300 20, 01 1L 4
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Caling 5 ' 13 i @ . & 13 10' ) 10l 38| s | el oswm
| ! . I : .
[ Karwia CMaxj 36, oudop A2 G0 a2y oLl o84 94! 13! wz! u5 | 97 8oL
Min' 3 15 12t o9ty 14! 8! 12, s52{ 26' 9 14 ! 560
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Table 29. Average and extreme dates for the first and last snowfalls

(1928-1938)

l Average snow date AfPeriod Extreme dates for snowfall
| | Locale LrLast First !wiigzut The latest | The earliest
; | Hel | 11 apr 29 Nov | 232 28 apr 1929 26 Oct 1931

| Gdynia | 12 Apr 23 Nov | 225 | 30 Apr 1935 27 Oct 1931

: Karwia 1 Apr 10 Dec l 253 30 Apr 1935 11 Nov 1933

Table 30. Mean number of days with snow cover and the maximum number of
days with continuous snow cover (1928 1938)

l
—— e am . \Q‘Q_nth o Yr
Locale ! v | u | UI W | x X5 xn
Hel meah 13| 14 9i 1 R - S
max l! 28I 28 1 3 18
udynia meah 131 15% 811 | . : 1 0 o
maxL u'zrza»s* AR
KarWLamea lli . 0! I 0,4 TR
maxT i meoomm o I R

was a snow on the 26th day of October at Hel station, the 27th of October in Gdynia,

and the 11lth of November in Karwia. The latest date for a snowfall falls on the
30th of April.




The number of days with snow during the year amounts to on the average a
little bit more than 30 days for Hel station and Gdynia station, whereas Karwia has
25. With regard to the absolute values, in the year 1937, about 50 days with snow
were noted for all stations. The highest mean monthly number of days with snow is

shown for February (7-10).

The snow cover is a function of snowfall and temperature. The mean number
of days with snow cover (Table 30) indicates that the optimal conditions for the
occurrence of this phénomenon arise in'February and January. In the rest of the
months, snow cover occurs only sporadically. The longest period with a continuous
snow cover was recorded from January to March 1929. The relationships predominating
in this exceptional year cannot, however, be a basis for generalizations about the
other years. When we eliminate the data from the year 1929, then the continuous

snow cover lasted somewhat more than 20 days (in the month of January).

V. Humidity

Relative humidity on the coast shows high values (Table 31). Hel station re-
cords an average relative humidity greater than 807 for all months, with a maximum
in November, December, and January (877%) and a minimum in June. The mean annual
relative humidity for Hel station is greater than the mean annual value for Gdynmia.
The minimum humidity occurs in Gdynia, also in June with 72%, and a maximum in Decem-

ber with 87%.

Table 31. Mean monthly relative humidity (1928-1938)

Month
' ' « a Y
Locale ‘ o T A pove v viu l IX l N | N X ear
- T - - = s N - : - - t
Hel boar ? ] 1 o soo) s ge | om B3 BT a7 84
Gdynia T v T morm £E I S R B LR B LR Y an

The percentage ratio of individual values for the relative humidity for the
given months is presented in Table 32. The highest proportion of all the months,
with little exception, is humidity in the range 90-99%. After that, values of 80-
90% and 70-80%. These three classes hold for a total of 84.77% of the observations.
In no month was humidity recorded less than 107%. The lowest is the value in January

and October holding in the 40-50% interval, and in November and December at 50-60%.
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Table 32. Percentage portion of individual relative humidity values
in the given months of the year for Hel station (1928-1938)

v e —r—————— e e —— e e —_ —— ——

) Humidity

Month - - .
L ) L L w0 [T [ W (L
}‘ 1 N 0.4 2.8 11,9 1”3 45,3 20
L} 0 0.7 05 e i 1 (ER a0 Uit L
m A 03 0,5 1.4 fad e 1540 25 iRt 28
v . 0.l vai Rl (R8 10} EYRY JGTRY 1,6
A . IR 03 L7 0 1.4 198 ided 2. 20
Vi . . 3 LT T4 e 204 31,0 2338 39
Vi ) ol 05 oo 8.8 Y 6.3 229 2P
Vil : . L . tha 49 10,4 1548 28,5 28,8 1.8
IX . vl 04 3,7 | 1t 270 25.0 2,!
X ) . . 0.l 15 1 190 33,5 St 3.4
X1 . . W 1.1 154 36,4 $1.2 L8
~AT ‘ . (% | (R My v op
vearly | [ N e L g 159 321 3,7 2

It is necessary in all aspects of life on the coast to take into account the high

air humidity.

VI. Cloud Conditions "

The greatest cloud cover is recorded in December. The winter period prevails
with its high cloud cover values over the remainder of the year. November as well
should be included in the class of those months having a great amount of cloud cover.
The minimum cloud covering is shown by June with an average over 50%. In general,
in the period from May to September inclusively, it is possible to observe cloud
covering amounting to not more than 50% of the sky; in March, April, and October,

this is over 60%, and in November and the winter months it is about 80%.

Relying on the values for the three observation terms of the local weather,
the course of cloud cover for 24-hour periods is the following: at Hel, the great-
est values are recorded in the early morning and the smallest values in the evening; 1
in Gdynia, the cloud cover from 0700 and 1300 hours is the same, and in the evening
it is lower; in Karwia, in addition, the minimum is recorded at noon. In the com-
pilation of the number of clear days and cloudy days, the prevalence in the number
of these latter is striking. Spring has the most clear days (in Karwia in the sum-

mer), and the least number of them occur in the winter, during which cloudy days

dominate.




days and 12 overcast days.*

The summer has the least number of overcast days, but the number of them (in
Gdynia and in Hel) is almost twice as great as the number of clear days. Karwia

is an exception; here, this relationship is clearly contrary, for it has 25 clear

Table 33. Course of mean monthly cloud cover over the period of a year
(1928-1938)
Month o R
Locale ‘ . E ”— :'-l';-l-' T_;v -f 'v"'-“' vr i vt v ‘ Ix -l ‘X : x! foxu
- - - - ) |- ) ‘| . ’ | s
k Hel 72 © 16 } &3 | 62 ' s 0o losr ] oas o osstoes s a.::
Gdynia 76 0 168 ! 682 ' 63 58 | 54 B0 S8 53 66 . T2 84
Karwia . 86 ! 6B ' 55 50 , 44 | 40 | 48 | a5 46, 38, 64 X
Table 34. Mean annual cloud cover for specific observational periods (1928-
1938)
Observation period
Locale 7 hours 13 hours 21 hours
Hel 6.8 6.5 6.0
) Gdynia 6.8 6.8 5.9
LFarwia 6.0 5.0 5.3
i
B:
Table 35. Number of days of clear weather and cloudy weather in the
individual seasons (1928-1938)
i Hel Gdynia Karwia o
Season Clear | Cloudy Clear | Cloudy Clear | Cloudy
Spring 12 28 10 29 20 20
Summer 13 18 10 20 25 12
Autumn 31 8 31 13 23
i Winter 52 3 51 7 40
3
Yearly 37 129 31 131 64 ! 95
The number of cloudy days during which the sky is covered by clouds varies
from 20% to 80%Z,** but there are more of them. The spring, summer, and autumn
*This peculiarity of Karwia in the course of cloud cover must be interpreted in
accordance with local conditions. The station was set up in a forest. It is
certain that the discrepancies in observation result arise from this.
**%0n the ll-point scale used in meteorological practice, this cloud cover rate is ex~
pressed by the numbers 2 to 8.
33
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seasons have these kinds of days about 70% of the time, whereas in the winter,

we have cloudy days somewhat over 50% of the time.

In general, it is possible to confirm, as a result, that the extent of cloud
cover over the area under study is quite variable. It is only in the winter when
the more intensive cloud covers assert themselves, and these are primarily hori-

zontal structures.

VII. Fog

In the observations of fog, we see strong variations both between the Hel Penin-
sula and the neighboring coast, as well as between the individual stations (Table
36). Fog occurs on the Peninsula more rarely and irregularly. The tip of the Penin-
sula itself is quite unique, in that it has an average of 47 days with fog during
the year. Jastarnia recorded 21 days with fog and Chatupy only 17. This wide vari-
ation in fog is undoubtedly based on local conditions, which for even such small
terrain accentuates their effects. On the coast, Gdynia has the most number of
days with fog, that is, 70 days per year, Rozewie has 65, and Karwia has 53. If
we take into consideration the individual seasons of the year, fog is most rarely
met during the summer. In additiom, it may be stated that the fog intensity is
variable. Jastarnia, Chalupy, and Rozewie show maximum levels in the spring, Karwia
in the autumn, Gdynia in the winter, and Hel gives different values for the winter
and the spring. This seemingly pronounced chaos in the annual distribution under-
lines to an even greater extent the local effects giving rise to these great varia-

tions.

Absolute maximums in the number of days with fog are shown at Hel and Jastarnia
in March, in November for Chatupy and Karwia, in December for Rozewie, and in Feb-
ruary for Gdynia. In general, it may be stated that fog intensity is noted in the

period from October to March inclusively.

The occurrence of fog at specific times of the day, as well as the approximate
times of their duration, have been compiled in terms of their percentages in the

list given below:

- early morning (Ia)




- noon (II) 8.5%
- evening (p III) 21.37%
- night (n) 27.7%
- the whole day (from I-III) 6.3%
- the whole 24-hour period 8.5%

Table 36. Mean and maximum number of days with fog in the individual
months and seasons of the year (1928-~1938)

~ Month o ;Sum-1 Au—“ Win-
Locale .- B e e R
Couto | l v| vi v vmﬁlygg__l x| x| X Yr igr_inlzmer, t_v._unr ter
Hel mean 5 4 6 4.3 2z | z] 2! 2| 4] ¢! @ 41|ugalxu 15
imax. 12] B; 3§ 1 10, 3 8 posloe g 8 0 e | :
] Jastar-|mean; . 13 2 { 21 11 12| s 2w T s | 6| o
1 nia  max.. g ¢ 06| 8 8 302 s | 8f 8 5| s1 . g i
? ! i 1 ' N , ! i
Chatupy 'mean. &i 1 3 22 1 03 04 05| 1| 2 2| 17 1 17l 38| e
imax.. 7. 2, 8 ' 6 ;el 2 1o 5/ 9 ST I |
Gdynia 'mean 8 7. 8 , 8 5 2. 3 4 sl 7l e 9l 18] 82l 2n
_ ‘max. 1822 15 | 11 ca2i 5 fote P loag | a] 18] 20 |28 [ |
' Rozewie'mean: 7. 4, 6 | 6 ;8 4 3 2 s) 10| a|e 2wl 91 0
max. 16 9! 15 | 13 {18 7, 6 6| 6| u| el 1w 02| ;
Karwia mean 4 4 7 . 3|4 2 l 2 . 2| s| & 7| 6] 383 i 6| 18]
max. 10l 7 13 s |8 4! s a4l nfwje|a e | , |
h‘
Table 37. Average number of days with storms (1928-1938)
l Month o
Locale voow o ow o ow | ov b ovi | ove | ovi IR S S U xu |Yearly
- - T VT e Tt T Ty ) L i ,
k Hel b eat ow to28 28 ¢ 381 3l S X X | ‘ o, f 154
Gdynia S B Y S T BT B T R N Lo a2
Kamwia ! ;01 08 o, LT W2 OB 0d i o 5.7

Fog is observed most frequently during the morning and night and after that, in

the afternocon and in the evening. Fog is found at noon in only exceptional cases.

Its occurrence throughout the whole day is recorded for 6.3% of the time, and through-
out the whole 24-hour period, 8.5% of the time.

— e

VIII. Storms

Both on the Peninsula, as well as on the neighboring coast, storms are rela-
tively infrequent phenomena (Table 37). Weather with storms most frequently occurs

in July and August. At Hel station in general, there were no storms observed for
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the following months: January, February, and November, and in Gdynia, in addition,

there were no storms observed in December, and in Karvia nonewere observed in March.

It should be noted that these storms are characterized by a relatively small
number of electrical discharges. A much closer analysis of this weather element,

which is very important for vegetation, would certainly yield interesting results.

ol
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ANALYSIS OF CLIMATIC CONDITIONS

We shall attempt to assemble and compare the results derived with the course
of meteorological elements that have already been worked out up to the present

time. We find the longest observational period in the work, Klimakunde des Deutschen

Reiches [Climatology of the German Empire].

The annual courses of the mean monthly temperatures from the periods 1851-1930
and 1928-1938 are very similar to one another (Table 38). 1Identical values are ob-
tained for the temperatures in the following months: January, March, and September.
The greatest discrepancy towards the plus side from the mean perennial value is ob-

tained in mid-November, and following that, in May. October and December are warmer

Table 38. Mean mouthly temperatures for Hel station

Period ! _ _ Mon;h -y,
' i TR T | T O LY R A TTIN B LN B SRR | iear
l i
1851 —1930 ~06 s 1.3 0 5.4 93 . 143 1Ta l a0t 14 [ 9.4 a1 | o A
1922 1938 | - H6, o100 1) a8 | 1ed TR AT X B LA M1 . 88 5.4 0 ; b

as well. In our series, February turned out to be significantly colder; its mean
value in the perennial series is identical with the mean value for January. The

mean monthly values diverge slightly towards the minus side in the following months:
April, June, and July. Differences between both series show up only in decimal frac-

tions of a degree, giving on the average an annual deviation of only 0.1°.

There are somewhat greater deviations in the extreme temperatures. Maxima of
the absolute temperatures are in general lower for the ll-year period, and the minima
are higher (with the exception of September 1931). It is only in March 1938, June
1935, and August 1932 that higher maximum temperatures are noted than in the longer

series.

The number of days with average daily temperatures higher than 5°C is on the
average 208 days, and in our series it is 212 days. The difference is thus very
small. The data shown above indicate that the period 1928-1938 was a somewhat warmer

period than in comparison to the longer period.

We must remember, as well, the frosts whose periods of appearance and retreat
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at the Hel station fluctuate within the limits of 10 days, in comparison to the

periods developed by Z. Pieslak [17].

The specific local conditions of the area under study suggest the necessity of
comparing wind temperatures with sea water temperatures. We shall present this
kind of material only for the temperature of the water surface for the pertinent

observational period, that is, from 1927 to 1933.

The data have begnAexcerpted from.the work by K. Demel (3] (for the period 1927-

1933), as well as from the work, Monatskarten der Oberflichentemperatur fiir die Nord-

und Ostsee und die angrenzenden Gewdsser [Monthly Charts for the Surface Temperature
of the North and East Seas and for the Adjacent Waters], by G. BShnecke and G.
Dietrich, for the period 1934-1938.

In this compilation of mean monthly temperatures for both environments (Table
39), we note the fact that it is only in three months (that is, in April, May, and
June) that the mean air temperature 1is higher than the mean temperature of the sea
surface water. This is certainly comnected to the prevailing flow of atmospheric
masses out of the northeast during these months; this is confirmed in the prevailing

wind directions (see Table 40). In April, it is the easterly flow direction that

Table 39. Mean monthly temperatures for the sea surface water and
mean air temperatures for Hel station (1928-1938)

- ———— et e et = = S ‘——"_—_‘"

' ~ 7 Month . ) | Year
Temperature ¢ | o | -| v | v ovn vim | 1x ! x 1 Xt . XI ' -
. A RS , [ M S - B '
Sea 20 1.1! L6 ‘ 2! ose | 1m0 ! e é I TE N B R
Air o088 —10 L3 | 48 | 103 140 ) 12 ] 112 140 ' 04, 8. 10N

dominates, and from this we see that the greatest portion of winds is the easterly,
southeasterly, and northeasterly ones. It is only the northeasterly winds that drive
the cold waters of the North Baltic into this southern region. This process checks
water temperature increases, despite the constant increase in insolation. In May,

it is the northeasterly, northerly, as well as easterly winds that predominate. The
"flow of air masses out of the northeast favors an increase in the coldness of the
water, and the strong insolation that takes place with clear air masses favors strong

air heating. In June, the water temperature increases significantly and decreases




Table 40. Proportions of winc. directions for Hel station during the
year 1881-1918 (a) and 1928-1938 (b)

Season of ~ ' Nk [ " : o S " aw w Nwo | Calms
the vyear : . ' T Lo
Spring I O SN TOF b oam ' 140 5.9 T4 124 | 33
Y 1 R 127 1 7,8 122 12,3 l 45
sumrer ; 1 132 . P R AR T B B ¥ ) 11,0 2008 ¢ 3,7
Y 124yl a9 T ] e K 199 186 | 48
Autumn Coa o ae T so |2 us | iz 109, 126 | 20
- T X 6] w@a 2 1 16.6 15,8 123 2,3
dinter - W al RIS RPN ar Lo 123 14,4 12
T ¥ T B 1163 M 148 151 9.8 A
fear o R T S R O S B R A AT TR Y 10,4 153 25
o L S % T A XU AN £ T T S K B X 133 | 49

the difference with respect to air temperature. The quite high portion of northerly

and northeasterly winds causes a mixing of the surface waters of the South Baltic

with the cold waters flowing in from the north.

In the remaining months, the water everywhere has higher mean temperatures than

] the air temperatures. At the same time, the greatest discrepancy occurs during au- /2
1

p tumn and winter, that is, from 2° to 3°. In March and July, the differences in mean

E temperatures of both these environments are the least.

]

Comparing the proportions of wind directions across the scale of a year from
the years 1881-1918 (Klimakunde) and 1928-1938, we see {Table 40) significant shifts
in the predominating directions. In our series, westerly winds are the prevailing
ones, but their proportion is less than the proportion of prevailing southerly winds
: in the series for the longer period. Indeed, southerly winds were much more frequent
as well in the years 1928-1938, but they are in a different place, just as the north-
easterly winds in the longer period. The northeasterly winds are noted in the longer
series to be the third most frequent, but in our observational period, they are the

f least attested.
During the autumn and winter, there is agreement between the dominating winds,
: that is, the southerly winds, as well as in the least attested, that is, the north-

easterly winds.

On the other hand, during the spring and summer, there is a certain shift,
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namely the following: during the spring, northeasterly winds prevail, southerly
winds have a high proportion, followed by the easterly winds. In the ll-year period,
it is the easterly winds that prevail with high frequencies for the northerly and

northeasterly winds; the least attested in both series are the southwesterly winds;

e r——

in addition, during the summer the most frequent winds out of the northwest shift
to the westerly direction in our series; and it is the southeasterly winds that

have the smallest proportion.

We have put together a compilation of percentage proportions of the winds
divided into individual groups depending on their velocities, as recorded for Hel
station by L. Bartnicki (1], for the shore of the southern Baltic by St. Koficzak
(10], and as recorded in our work here. Because of the differences in the number
of groups distinguished by these authors, we have cited the data according to
Koficzak's breakdown whenever it was the shortest. Accordingly, the percentage pro-

portion of the individual groups is the following:

{

I L. St. The period
Winds Bartnicki Koticzak 1928-1938

% % A

Very weak 50.0 50.0 60.1
and weak
Moderate 27.8 39.0 33.4
Strong and 2.1 : 11.0 6.8
very strong 1 . E |

We have included the calms recorded by L. Bartnicki at 1.9% in the first group,

that is, the group of weak and very weak winds.

The most frequent are the weak and very weak winds -- 50% and greater. The
proportion of moderate winds varies from author to author in the range 28-39%. The
greatest differences are found, however, in the strong and very strong winds; in
both the longer series, there contained within the range 11-24%, and in the period
1928-1938 they are the smallest.

The overall amount of annual precipitation in Klimakunde is 528 mm, i.e., it

is less than the mean amount for the 1928-1938 period by 23 mm. The differences
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in the annual course of precipitation are insignificant, being either plus or minus.
The greatest difference occurs in November; in this month, the monthly amount is
21 mm greater than the amount for the longer period. This is almost the entire

value of the difference in the overall annual amounts for both series.

Table 41. Precipitation highs for Hel station (in mm)

Month

. : i ‘ Year
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The average monthly relative humidities are compiled from the data in Klima-
kunde as well as from St. Koficzak's work. It turms out that it is only in April
that the mean values are the same. From May to November inclusively, the 1928-1938
series shows greater humidities, and in January, February, March, and December,

smailer ones. The differences between the individual series for the mean annual

values vary between 1 and 2%.

Table 42. Mean monthly relative humidities according to data from (a)
Klimakunde, (b) St. Kodczak, and (c) from the 1928-1238 period  _
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We may compare the amount of cloud cover with the data given in Klimakunde as
well as in Koficzak's work. The differences between the individual series are mini-
mal, varying within the range of decimal portions of the scale of cloud cover; how-
ever, in December the mean value has the same value for all the series. In the mean
annual values, it is only the amount of cloud cover given by Koriczak that deviates

from the other two series by 0.1°.

As regards storms, we only have data from the Klimakunde. The compilation of

the long-term series together with our observational series shows very small dis-
crepancies. On the scale of whole years, the difference amounts to only three days

with storms. Storms occur most frequently in July and August. They never occur in
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Table 43. Mean monthly values for the cloud cover from (a) Klimakunde
(b) St. Koriczak, and (c) for the period 1928-1938
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Table 44. Mean number of days with storms at Hel station
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Table 45. Mean values of insolation (sunshine) (in hours) 1932-1937
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January and October, and in our series as well, they never occur in February.
Storms in December and February are very rare occurrences, but nevertheless there

exists a possibility for their occurrence.

When we discuss the course of individual meteorological elements for the sec-
tor of the cnast under discussion here, it is necessary to remember the amount of
sunshine (insolation) given in the data cited here by us from the work by W . Gor-
czyfiski [6] according to heliographic data in Gdynia, as well as on the Hel Peninsula.
Data for Warsaw are also included for purposes of comparison. In comparison to
Central Poland, the coast has more sunshine. Gdynia is most unique with respect
to this. The insolation on the Hel Peninsula has a clear preponderance in compari-
son with Warsaw. With regard to Gdynia, there is a significant decrease in its
hours of sunlight, especially in September and October, as well as from mid-winter

to pre-spring inclusively.

42




CONCLUSIONS

From the analysis undertaken here of the individual meteorological elements,
the following conclusions are suggested: although they are certainly far from a
synthetic understanding of the Hel Peninsula climate, still theygive in outline
the climatic conditions that prevail there. The basic character of the region that
was studied here is the great variability in weather states, both from day to day,
as well as from month to month and from year to year. This phenomenon is the con- /2
sequence of the locatien of the Peninsiula on the path of the tracks taken by the

Atlantic families of lows. Certainly, breezes* as well should be stressed among

the short-wave variations, for it is they that cause certain variations in local

weather conditions.

The dispersion in variability between individual months is, however, not great;
and as a result of this, the longest seasons are the tramsitional periods between
summer, which is the shortest season-of the year, and winter. The summer is rela-
tively cold, and the winter with regard to thermal conditions has a mild course.

The autumn period of the "Indian summer”" is the nicest season of the year. However,
the late autumn begins the cycle of stormy weather which lasts throughout the win-
ter and pre-spring. If we add in addition that throughout almost the whole year the
air is very humid, that throughout the whole year there exists the possibility of
fog, and that in all the months strong winds were recorded, this will be more or less

the basic general feature of the climate for the region studied here.

It is necessary to note that a certain kind of conservatism in the Baltic

causes the delay of almost all the seasons of the year.

We shall go now to the particular characteristics of the individual seasons of
the year.

Spring

Spring is the period for the occurrence of varied weather complexes. The

"conservative" influence of the Baltic, which establishes the beginning of spring

*The problem of the breezes over our coastline has received no treatment up to the
present time.
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to be on the average on the 23rd of April, also sets off the pre-spring season,

marking it to be on the average from the 13th of March.

The pre-spring season is characterized by stormy weather. Both polar masses,
as well as Arctic masses, are characterized by strong storm winds (with velocities
of 15 m/sec and greater). In addition, there are tropical air masses, but they are
less powerful., Storm weather is always accompanied by fleeting precipitation of

light intensity in the form of rain, snow, or rain with snow.

During the spring, particularly in the May and June period, a great drop in
wind velocity is characteristic (on the scale of the whole year, these winds are the
weakest), as well as increased sunshine, giving as a result the largest number of
days with sun. The cold Arctic air masses flowing in in May, thanks to the clear-
ness of the air (very good visibility), yield days with beautiful blue skies with
dwindling white strips of clouds. The proportion of polar masses is great, with
tropical air masses occuring only sporadically. Precipitation increases significantly
in comparison with precipitation in the month of April, but it is in general in the

form of storms.

All of the weather complexes, thus, as may be seen from what has been said
above, consist in a significant increase in air temperature, causing in May the so-
called "skok majowy" ["the May jump"]. On the other hand, reoccurrences of cold air,
often bringing with them frost, even in June (1 June 1930 and 2 June 1932), have an

unpleasant effect.

In June, humid polar masses predominate (out of the west and northwest), signi-
ficantly refreshing the area under consideration here with precipitation. High in-
solation, the lowest air humidity during the year, as well as the very weak winds are

basic characteristics of the second half of the spring.

Summer

The summer is short and has a great deal of precipitation. The maximum amount
of precipitation across the scale of the whole year occurs in fact in July. The high
humidity of the polar masses, which are very frequent during this period, as well

as the intensive evaporation of the sea surface, forms favorable conditions for the
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occurrence of precipitation. Summer precipitation has primarily the character of
storms, and at times there may even be torrential downpours. The masses of Arctic
origin flowing in suddenly out of the north bring with them an aggravating cold.

The strong winds met here are only sporadic.

Autumn

The early autumn (September and the first days of October) is the most mild
along the whole shore; storms are a rarity. Rains last for only a short time, and
the proportion of all air masses is uniform. The weather complexes do not distin-
guish themselves by any special dynamic activity. From foggy mornings, there may

arise sun-filled days, ending with relatively warm and quiet evenings.

The winds begin to pick up in strength in October, and it is at that time that
the stormy period begins. The prevalence of polar air masses becomes the rule, as
well as the relatively frequent appearance of tropical air masses. Both of these
yield significant levels of precipitation of a continuous sort. The high level of
cloud cover, the strong winds, and the continuous rainfall contribute to the forma-

tion of a weather type called "szaruga jesienna" ["autumn bad weather, squalls"].

From the 15th to the 19th of November, a strong drop in temperature is noted,
which is the correlate to the “May jump,"” in the opposite sense. At this time, that
is, on the 17th of November, we have the beginning of the pre-autumn, characterized
by sudden changes in cold waves,which are accompanied by frost and snow precipitation,
as well as by heat waves accompanied by thaws. The overcast days with long-lasting
or weak precipitation, as well as the frequent storm winds are characteristic features

of this period.

Winter

The winter is a short period, but the weather is in great dynamic activity.
Sudden changes in the weather, frequent storms, fog, and high levels of cloud cover-
ing, as well as weak precipitation are frequent phenomena in the winter. The snow
cover does not last long, except during an exceptionally sharp winter. The sudden
inflow of moist and warm polar-sea masses wipes away the snow covering, often com-

pletely. Sharp continental-type winters occur only rarely, and most often we have
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winters of the oceanic type.

The Influence of the Baltic

The Baltic, as it is a natural heat condenser, exerts a direct influence on
the course of meteorological phenomena in the lower levels of the atmosphere. The /2
process of mutual heat exchange between the air and the sea water yields, as a re-
sult, long transitional periods between the summer and the winter, a significantly
mild course for the winter as regards the thermal aspect, and the summer is usually
cooled down with very high air humidity lasting throughout the whole year. The in-
fluence of the Baltic, however, is only very mild inland. Even in Lebork which is
very near, or in Kodcierzyna, not Lo speak of Malbork or even Bydgoszcz lying further
to the south, we have completely different thermal relationships (Table 46). Tem-
perature highs, which have been used up to the present time to determine whether a
climate is oceanic or continental, are lower in Hel, rising very quickly as we pro-
ceed inland. The rain relationships, as well as wind, change almost with every in-
crease. The extent of the direct influence of the Baltic disappears, therefore,

rather quickly both across the horizontal and with increases in the elevation of

the terrain.

Table 46. Mean January, July, and yearly temperatures together with
the annual amplitude (1881-1930)

!
Local Mean temperature amplitude 5
ocale January July Year ]
Hel (1928-1938) ~1.0* 17.2 7.8 18.2
(1881-1930) -0.6 17.2 7.8 17.8
Lebork -1.5 16.9 7.2 18.1
KosScierzyna 3.2 16.7 6.5 12.9
Malbork 2.5 17.6 7.3 20.1
Bydgoszcz . -2.1 18.4 7.8 : 20.5
i L
*The mean monthly temperature for February, when this month appears
in our series, is the coldest.
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Number of days with minimum temperatures lower than 0°C for the stations:

Hel, Gdynia, Karwia 1929~1938
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Percentage proportion of specific wind directions for the stations: /Z
Hel, Jastarnia, Chatupy, Gdynia, Puck, Rozewie, Karwia 1928-1938
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OEP tgm ;G2 o5 By i U N mn LG 2 . 2
o be 2 A a L 2o 180 'L g ! 1de
Novembex PR 7.2 oo o s
4 Decemter Y I BN 5.7 B L
B . ! , | |
Year T S B L B [ 3 ; 152 - 1L i % 4, A
1
I dastararg
g January A A 87 2 .8 172 W 83
E February L loas s 14,7 1,4 17.4 a,: 6
} March R PR S E W W 15,7 TP 1% S 1 1.8
: April S ¥ R ¥ N S I B B (1Y 1,4 6.5 110 w8 - 1nd
t May 160 7 160 wa T 7.0 33 Y3 02 L8
] June 124 we | o109 0 33 ua 49 o B B 142
: July B R M an Ty 2 B 1
August 1T 1118 B DX} 1.5 a3 ;8 1,5 W0y I3
September Cong o sa b1 He 12, T (S SR R
October R T 5 . v.5 1548 12,0 24,2 | 6.7 |, wi
: November 33 1 28 | sa T 23a e IR S 6
" December S X R ¥ | (T S R w081 0 AT
U L BRI S SR U
| . ' . ) !
Year voong ; Tar HEd X I T R} l 1.8 l 17,4 l a0 ote
] _ i ,
Chatu oy
L j W [
January R S e ! S |:|' .
February ! ;_; I P e .ll.! :;.,. 14, 1' ‘.....1 et
11, 1, R ) O] LN v L
‘.Za;il; E by ] (N it WA na i 12
up [ R 1a,8 a0 R fay ! N i, WP
G ay | o't ! B X . i, . , L
June l [} ' o - \ N | o, b, \
[T S i, %1 0 10,1 . T, 2
iﬁé\};st ‘ l“':" G .‘:,l { ;::'.' | AT T LCP L
September [ R I S W I B i) LU
October a8 b i 03 16 Lo Gl 1.5
llovember Lo B U | N Li. Coond r.. ' ~
December | (R "l 1.0 A ' LU a
Year 1. o o2 an ' gan 1 139 b wh
. v v .
53
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Direction T " -
Month : ) ; Year
N | NE . [ 4 : SP. E SW : w ! NW
Gdynia
January 2,3 21 T K X I T X TR 10,7 39
February 5,49 4.8 7S, 159 ¢ nid 12.0 195 1746 50
March oo GA - T8 IM6 | a0 e 17,8 16,0 18
April L83 100 131 1 158 ' T3 1 8 13,7 149 81
May Poaze L owa o0s ) a2 013 0 sy 11,3 179 10.8
June P - N U (0 Wl G ¥
July TS | s ue l a4 ‘ 66 e | 24l 226 9,1
August A X N = A A K 10,3 21,5 104 79
September | 88 [ | T 131 14 25 | 158 58
October Y T 178 o227 | 238 124 3.6
November Y i ] { 40 t 174 20 | 100 l 19,9 0.8 3.4
December | 23 w1 a9 172 24 | 143 1.4 10 | 43
Year 63 | s | w1 | 126 | owas | owa o 155 | 63
Puck
january LT 3.4 \ 6Gs | 1INS v 4,7 239 . 19,8 : 4.3 a3
Tebruary 51, 54 | 1.6 184 68 182 ‘ 8 | 11a | 18
March CoGL 87 1 as 150 0 50 126 ] 2L 100§ 101
April A | o1al | PR3 88 99 14,5 9.3 109
May [ 90 | 160 | 159 Y | 33 85 15,1 120 128 -
June X O Y L R X X R X 27,4 10, | 10,1
July , 33 ¢ a6 | 85 I a3 3,6 15,5 29,3 1.1 1.8
August 63 ‘ 10,8 l 9.3 G 4l 143 222 104 159
September ., 15, 68 | 4l | 98 | 66 178 193 8z 15.1
October I 38 . 29 1 45 . LT ) 127 217 192 7.8 9.7
November coo20 | 20 | 5T 1 218 154 ' 244 14,5 6.l 83
December Y. ! 20 0 w1 | o209 ¢ o158 | 200 14,5 5. 7.9
Year 33 V720 | 104 | 128 ° 81 . 168 | 189 | oz | 107
Rozewice
January 33 '] 38 20,4 41 265 ' 15,6 44 10
February 5.3 5.2 8.5 160 105 | 204 17.8 va | 14
March 5.7 74 6,1 197 K IS FIX 1) 24 74 1 93
April 5.8 10,1 125 18,0 5.0 1y 13.% 83, 131
May 4,7 119 1.8 145 4,7 100 1.9 10.0 14.5
June 36 45 1 10.8 49 ' 162 283 103 14,5
July 24 2.4 15 8.7 3,9 196 2.8 125 144
August 4,7 45 47 8.0 46 189 2 139 | 182
September 55 18 3.1 144 74 205 ' e 95 ¢ 1sa
October 39 3.0 35 13,9 10,8 04 184 92 i 69
November 30 1 20 34 0.8 113 e P T T
December 38 | 48 58 233 150 wh s | 48
Year P43 | a3 | 60 | 183 | 88 203 ' 193 | 83 | ng
Karwia
January RS Y ’ 5,7 ] 185 M0 1 e 155 w2 45
February oy 4d 10.5 e o | ata 169 ? 120 0 18
March boga ' 8.4 i 1. ' 150 | 53 ) sz 188 | 1% | 59
April Y A DI85 e 8T No | 13 Do
May A N Y R X ‘ .9 4 | udd L X S BX
June 82 L ud 6.2 ) CX I ¥ N I R 264 {143 104
July T R L 2 B T B L I 125
August O A N 500 0 g P S A X 10,9
September wi 54 0 158 0 68 1S SEEEREX! 1.1
October 3w 84 99 0.8 28.6 185 1 wa 6.8
November wl Y TR 14,0 0 B 1 1
December i e L g TS P 1035 7.3 44
Year Lt N T e oar i TS B b 3

/3




Mean monthly and annual wind velocities in m/sec for the stations: /
% Hel, Jastarnia, Chalupy, Puck, Rozewie, Karwia 1928~1938
Com— - | SRR — ~- Month .
H i | [
Year |1 i u o | v g v I vi ! vit || oax X X1 | xu !Year
% Hel
| 1928 | 47 X BN | 30 3,2 1,0 3.9 | KR!} 249 l 14 4.4 L4 | 48
i 1929 P55 141 40 43 |35 [32 a6 28 st a1 | al| 66 a3
T 1930 ' 57 )55 i 55 |50 | 43 )40 | a3 ! TR ARETY ’ 59
' 1931 e | 13 i 68 {53 |40 |83 !sa !sa 55 156 |55 | 74! 59
1932 |68 123 [sa |50 |38 | !aa |32 | 53 )82 )85 |43 sl
1933 i 53 156 ) 45 | 63 |52 )55 |50 68 )55 |74 | 68 | 57 ;58
1934 LK l 3.7 4.1 4,3 L5 4.2 4,0 1.1 8,0 8,0 56| 52
1935 | 6 | 6,1 PAS P48 130 ord |58 |46 60 | 6T | 70 8T | AT
192 FI O e 3 T O S R A LR a7 4 185 | 49 [ 6l 4T
1937 80 | 42 | a0 | et {7 an {as {s2 50 | a5 | a8 |s2 | 48
1938 ! 60 | 53 (A7 156 | 48 |46 |32 [ 38 {35 159 |58 ({171 ' s3
Mean long-term l 862 | 69 ; SO [ AT ] 4] oad | 4 ' 43 | 48 | 54 | 58 | 6. ! ad
Jastarnia
1928 34 | 85 | 25 24 | 18 28 25 G al | 20 | 23, 38 28 | AT
1929 34 | 20 [ 32 27 )23 |22 |23 | L7 |29 |40 ) 40 ) a2 | 30
1930 30,1 26 | 32 [ 30 (21 | 16 | 23 {29 | 29 | 39 | 35 | 44 ; 31
1931 45 | 34 | 47 | 27 | L7 ;35 | A5 P4 | 43 | 47 i 33 | es | a7
1832 53 |59 (38 |33 | 24 (27 (16|21 3¢ |38 33|28
1933 38 | 37 |27 [ a8 | 20 | 22 | 23 [ 39 1 40 150 AT a8 ) a4
1934 44 1 66 1 34 ;23 {30 (21 |31 81 )52 !sefaelsa] 3
1935 54 12 3 39 32 32 4.2 ' 26 3 5.0 . 4. W
134 40 | 22 |33 | an w2 | oo I 33 | 34 | a2 ) a8 | s ) s
1937 58 | 39 | 38} a2 | 24 |27 } 20 | 15 a7 | oax ot | ous oAz
1938 . 45 | 33 |58 | 46 | 33 | a4 |18 | 21 |23 | a8 | a3 ! 50|39
[}
Mean long-term 43 1 40 | 38 | 33 | 24 | 22 ‘ 24 I 28 | 34 ' 43 ' 41 | 44 | 2
[}
Chatlupy
1928 , 63 | 52 | 43 1 38 | 25 | 49 i 38 | 35 28 ; 38 | 4T | 46 &l
1929 i a6 | 42 | 43 | 48 | 235 [ 38 | 34 | 2 | 43 1 34 | 38 | a0 4
1930 ! 39 134 1 10 132 | 26 | 21 | 36 1 35 | 36 53 | 89 { 52 ¢ 39
1931 ; S | 43 | 54 | 368 | 20 | 51 | 3T | 4 | 58 58 | 49 | 85 | ¥
1932 : 65 | 72 | 50 | 48 | 386 | 38 | 42 | 40 1 52 &2 | 49 | 2 o4
1933 A a8 [ 50 | 11 ’ 30 32 | a8 | ae ‘ 5.4 I 50 40 | 48 | 13 . 43
193¢ S8 | 82 | 44 | 38 [ 45 3T 0 b 4S5 | 34w | 4d ‘ W8
1933 82 { a0 | 42 | 42 | 4u | 385 | sa { 36 i 50 . N8 | 5B [ b4 4F
1936 42 {56 [ 28 | 38 [ 30 [ 2o |32 am a7 sk | 40 a3 4D
1937 61 {37 {30 3a b2 {38 D b2 T oa am 38 na 4
108 L N T S Y I R N ¥ A SIS P S SR P
( ! : :
Mean long-term Sl ' dl i id 4w ! ERINT R 7 R O R Y S NI XU X

55




f <
E
b
. Month T T T T
E AR 1 ". B '-l N T T l ) i ! YT
Yedar T { 1 v v | ’ vu | vir ' oax l X ’ X1 l x1 ! Year /3
i ) ' : 1 ' ’ '
Gdynia
1y ) 10, b4 d 1% SR $8 86, 24 | a4 0 ozd 40 A
1929 A1 a1 |50 | 4s 82 | as las 25 96 a3 |40 | 70 | 43
E 1850 Al a0 Ay o4 38 ! ' a0 | 48 44 ;a4 ;61 | 58 | a0
' 11 Lot oAt ' 59 | 10 l 2L oam [ 42 1oan e poes | BB | 83
_E 1932 [ 10§ i 046 | 48 30 | 38 Doa Las | 4o | 49 | 49 | 36 | 45
: 1933 | 4T |57 | 42 [ a4 28 fas a9 |81 ] 49 ‘ 64 | 56 | 81 1 49
1934 i 64 | 94 | 48 [ 46 | 50 ( 39 154 82 | 47 {53 |60 | 77| 54
1935 (82 [ 83 | 65 | 62 |44 | 49 | 63 | 45 | 82 | 85 ;77 | 62 | 83
1936 l 67 1 78 | a0 | 41 | 33 | s4 28 | 43 42 | 59 | 47 | 62 | 47
1937 9.0 { 51 | 64 ;58 | 23 | 43 | 35 | 34 | 49 ] 46 | 49 ) 52 | 50
1918 ["21 | 62 t 88 b 270 55 [ 63 | 38 | a5 | a6 | = } 65 | 0,4 | a4
‘ I 1]
Mean long-term ! A1 @ a2 { 5.2 | 4 ! 37 | 43 | a0 | 42 46 | 54 | 85 ‘ 63 i 5.0
. '
Puck
1928 DSBS | 4 | 45 | 40 53 53 &3 | A% ;) 42 ) 51 | 51 | 49
1y P54 0 a4 | 6u |8 1 43 a8 P51 34 1 49 | 44 | 40 | 61 | 50
1930 37 | a8 | 57 L e 40 137 | a4 ) g7 | a0 |82 |65 | 47 | a8
1931 5.4 1 45 | 1 | 41 ) 30 | 50 l a3 1 a2 |52 a7 ] as|ea| s
1942 6,5 2 ) 4 | a5 i 40 ; 41 I 3,2 i 36 | 38 [ 39 | 41 | 29 | 43
IFIRE] s8 | 44§36 | a5 136 1ag | a2 P38 | A | a2 |3 | as | 4
1933 25 |87 [ 50 | 38 | 48 F 41 48 37 | 24 | 46 | 37 | 44 | 48
118 a2 L 6a b oo b oan Law Day o ose a8 | 5 | 58 4T | 47 1 &0
1936 584 180 1 33 )50 s 40 |39 30 | a9 | 10 l sa | 89 | 83
1937 2 KRG , HE) 4.8 47 46 D am ! oua |82 4,7 ' 3.5 44 5,0
1938 64 ] 67 '3 ' 7s )63 |87 Js1 |l en |33 |60 a8 | ]| 6o 1
i | I |
Mean long-ferm | ™ ! a0 | 5.7 5.1 f 44 | a5 : 4.3 ' 4.0 ! L4 5 52 | 468 | 54 | 49
Rozewie
1928 52 ) a3 | 29 | 23 } 1.8 | 32 | 31 |28 | W0, LT} 27| 26 2
192 32 | 39 [ 50 {39 |23 | 20| 20| 31 | aa.] 59| 40|58 | a8
1930 39 |33 j 48 | 32 |32 | 23 | 39 | a1 | 40 | &1 [ 64 | 80 | 41
1931 52 | 43 {53 | a1 (30| 70 | 41l |37 (56.]83 ! 354|641 a9
1832 2.6 |79 151 ) 4,2 | a4 34 29! ) | 83| 50| 38 | 42 47
1933 48 | 83 | 57 |58 |35 | 27 | 381 6l 2 | 68 | 51 | 54 | 50
1634 60 | 90 | 44 | 30 | 43 [ 28 | 37 |25 | 23 | 52 | 50 | 53 | 44
1935 56 | 71 |38 | 43 | 32 |32 |58 |33 |55 |69 |58 (45| 49
1938 54 | 58 | 23 [ 23 |20 ! 28 |28 ] 41| 32| 54 2 ) LT | 49
1937 97 | 61 | 54 | a4 | 38 | 47 | 32 | 1T | S5 | 48 | 49 | 48 | ¢9
1938 78 |61 {102 | 60 | 40 [ 85 | 27 | 23 ! 38 | 61 | &1 ' 9.7 | 61
. ! ! |
Mean long-term 54 53 | a0 | 28 | 34 ! 16 [as a8 | a2 | 57 | 48
! t
Karwia
1924 I R N N L TR N
1929 43 w2 35 150 [ 28 § 37 134 28 45 1 42 | 27 | 48 ' a8
1930 20 a3 Al b 28 120 |20 |48 38 38 046 I TT |49 0 38
LIX]) L% B ; " A7 20 L IR A 4 S 4.2 1.0 X)) | 1.8
1942 T Tl ; 4.6 18 32 ;I,! 2,2 KXY 4.4 4.3 4.4 24 ) 42
fXK (W] L KU T V1 K| 0 ! Ao 3.5 I ad 6,2 4.4 4.9 | 43
1944 P52 89 l 30 032 | 43 D out |4 32 028 | 48 | 52 | 3T | ag
1935 46 55 1 38 7 8T | 357 a3 44 34 49 [ 55 ) 42 | 40 | 42
1938 3355 w1 pas 34 lax | s Pag (50 |37 | a8 | a2
1937 65 W3 o 42 38 33 | &5 Ul a8 | 46 | 33 | 36 | 36 | 38
1948 368 | 4 ] q9 |52 L az | a8 (2o s ) a2 ] el |3 | 44 i e
[ ' , i { i
Vean long-tern Pia Do " aa i a8 32 a8 0 x5 38 | 4a ; IR N S B &
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Mean monthly and annual pressures for Hel station (in

Month
fear ;
i i 1! nt | (8% A AN | A i
st PERY BT B T ; g K ' THIZ THED ‘ i LT HEVRT ]
1940 CT0 665 | 6201 364 | 387 C GaM  awh 6N
1933 | 69,5 ﬁ’.l;’i (1R X1 IEE 1 K4 TR EYR] | tl.b (i)
1934 P eeatoeo2 ! 5740 s1L2 ' 824 61 5TG 098
1935 Ce2 o 300 1 G390 SBE | 620 6LD L Sud 6T
1936 Bt 5T R B R I I U AT, WURN TR0
1937 CeTT A2 AL 595, A2 eL3, T 605
10318 R NN TR SE RS 0 B W T BT WIS
| v o Lrn L ren toona o 1o
s Mean lonz-term 622 [ 70 | T60.8 [ 158.6 | 761,4 | T ’ 750,1 § T60
! ‘ i |

Daily mean pressures for Hel station (in -m Hg)
T - . Month - _
. ! |
1 : 1 i m W v ’ Vi ‘ vit bovii
l - . : - A. " - - o ) - T -
625 ) 1518 | 7580 T30 G620 | 7597 | 6L 60
61,0 i 55,0 59.4 585 . 623 599 - 604 500
5.9 | 554 62,2 535 ¢ 42 63 . 8L} 534
b0 ¢ 388 u34 574 - 622 614 nad 61,3
$18 604 628 | 5379 | 533 60.6 ' G0N g2
58,6 60.0 598 . 555 ¢ BHL3 a7 | st 6244
58,4 63,3 598 , 531 | 608 624 612 60,8
62.7 62,3 618 i 570 Hlal 81,5 | 6l 60,2
5.0 ' 638 506 | 395 | 6.8 819 | 603 : 605
654 | 595 604 608 . 6L 62.1 ‘ 600 © uos
1
. 1
63,6 . 75T4 | 760, 1600 | 7624 | 1604 | se2 7622
628 ! 587 3t l 609 l 61,7 61.0 ! 588 | 6ug
63,7 ' 392 58,7 584 804 - 62,4 584 8.0
628 599 37,8 l 508 | 603 629 3T 57.1
62,6 | 60 68 w8 | 61,5 61,1 1 53 58,4
609 | 604 576 | 585 ' 606 | 615 [ A1 60,3
sa4 | 598 | 584 | 507 ing ‘ 509 34 59.0
ss | osa3 ! we ' 559 gL2 1 500 - B 1
81,6 516 51.6 58l 624 585 | 5w 595
65.1 39,1 422 , 598 HA5 371 | 390 588
a : ! -
69,8 sl AT B84 TELE 7608 [ Taa2 30,5
704 56,2 ‘61,9 574 ¢ uly |oe2d o saz M
694 544 (30 70 i 622 | 6u8 ¢ 339 ud
58,3 90 u6h4 SO0 | 003 ' 604 | 546 9.0
64,7 31.3 654 86 | 602 | 394 Rl s,
62,0 589 616 ] 604 6Ly | 598 382 2y
60,1 509 . (618 61,4 (1) KR H | % aHE Hliy
60,3 8,7 ' 6L2 f2,2 603 394 Shed U
57,1 59,4 a6 TER I 3 L 2
57.9 62,4 62,0 304 61. g vl
608 RN g (K st

57

mm Hg) 1931-1938

Year

64,3
814
[ 8]
6),}
399
e
49,1
60.°

T80

764.,0

. Ud.e
iE 3
822
54,1
61,3
6,2
wid
63.2
133

THH Y
[N
[H.RN
[$
iy
[(RI]
[ ]
[t s
[
6L

[N hY I Nt l Nu
Tad Wl el ! e,
WA 345 | 65,2 GH.2
2o 1 6L ] 61,2, 60T
4. 581 ) 8L ' 61,8
AaTd . 56.0 | 62,3 '
65 973 6LU | wig
Al 6T | 606 | Suy
i 59,1 ou.;s‘ 63,0
. 7610 | 758.9 ! 7827 ;‘:(i‘.‘.ﬁ
1931-1938
X | X Nt
i
978 T2 751,0
58,6 S5&7 615
54, a2 61,4
603 ¢ 58,1 834
588 , 419 619
Ml 630 60,7
57.8 64,1 39,7
555 0 640 58,1
604 | 60,1 59,1
624 ;92 | a8
624 | TS5 0 7993
HUR ng 60,2
387 - 6ba ] 624
610 & 587 | udd
63,3 58,0 84,0
644 30,0 63.2
[N ERY0) v2,8
$1,7 T8 66t
Bik:3 EY S YR
a3 gy - nBd
!
T61.1 T T
[ RS SR W)
Gled LX) H{RY)
61,3 37,9 60,2
MYy 36,3 61,3
Gl 3 61,6
tith RN nikl
i R [}AR-)
[I5P2 532 - 6GdS
tiig MG 1830
2

i
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Monthly amounts of precipitation in mm for the stations:

1928
1929
1430
15t
1h42
1934
| HAR
1435
1936
LSt
1938

Mean

3
‘v

1928
1929
1930
1931
1932
1933
1934
11045
1938
1937
ms

VIean

1928
[
1930
togl

19732
1933
1934
JEUNRY
JELRH
{937

AR

Mean

Cha lupyv, Gdvnia, Puck, Karwia 1928-1938
! Month_ .
i ' 1 ! ! ; Year
‘ \ 1 o v v vl Vi ;wu : [RY ~ , N i N
el
LoAdamZ o 1EZ 3280 aB2 1222 40l 5420 5450 656 | 34,0 s6.3 5730
Pasa ) 5.2{ 350 452 365 | 3000 1370 825! 44,8 322 331 417,4
; 85 | 2ad 2w 420 492 TT 1 66,4 140,01 0 9L6 | 878 578 141! 6142
{40 ann 304 90 2400 628 "150.7 1 760 ! osa ! 542 | 147 | 64,0 705,2
M3 ML WS 36512311 36T ' 448 ] 6581 49,2 669 | 242 190 513.7
By 45 e g ; 39 8 ; 863 | 495 614 f 72,0 | 385 | 2861 269 | 5194
W, a6 oany o212 ’ §3,0 10 920 61.4! 2,0 | 558 5|.l} 173 555.0
Coan 9 w9 B2 168 D2 T4 2820 458, 802 150 [ 15,0 4728
MhE 2T 268 L3 A5 | ERT 11046 631 524 1207 207 26,0 | 63%,1
| BLY  Eh1 L a3 307 , r.n,.:: L I G (T (R T | & 36,9 | 49.6 | 8.1 | 6081
D a3 35S 339 180 wpd 6T 55,2 ¢ 406 ; 543 194 | 310 | 440.1
Doz sas s oand b ] wae ) e s s | ca | xm’ 3 581.1/550,3
Vo s a2 e omatoans) ot v osl n.a' fel ! 100,0
Jaslarnia
IR INT O ond a2 A ssM 3L 468, 615§ 524 333 333 452,2
MDY IS0 291 1N 82 U3T 2570 19 504 390 2.6 | 114 320,2
'.a:' 05 0 20,0 A D 15 634 497 88| 800 33 | 1T 4800
35.8 | 154 | s28 | s32 258 L9 130, w8 | B22] 413 | 04 426 5324
571 2210 04} 09 1050 300 0 3,4 424 305 ) 95| 199 39 367,7
5.':t 126 65 13 454 @1d 0 MO, 618, 675 257 23! 48 374,8
231 L6 AL 18D 124 U160 4360 234 104 645 | 4531 278 3248
QT L A2 200 A 168 Swai o o34 2T TG TAD | 183 | 1L 497,5
.2 3720 186 2730 S We9 1263 820 | 504 (1402 | 25.0 | 349 022
187 362 380 178 489 531 1075 49,6 | 680 | 26.8 | 508 | 732 609,3
BRT L2 23,00 439 1M 234, sm.of Ted . 68| 4151 185 200 480
P50 1840 24,00 269 464 ¢ ST 654 476 572 | 568 27| 285 45,2 465,1
| 5zl 2o so| 58wy o raal ez a2z eol 1 1000
Chalupy
RFUAE I T e S , ATA LN 2700 T TG A0 4 419 SO
L N } N L L T AR E X I L I KA RN 20,1 1718
SO | AL 46 1T TS 338 108,50 TR 457 1 9.3 490,95
MY 188 | 04 ’ ik IO A3 A GHU 96 500, UL SO 380.9
, 402000 1D 85,80 929 Gl4 ) 5A0 IS 42T s 160 1L 5147
( B0 U547 6a | 1820 448 a1 200 B0¥ ;TR0 314 334 14T 780
P IB3 I3 4330 305 M0 ghd B4R 235, 2a8 0 GO 435 184 4498
! [ NI § VS S €1 ¥ S (I (o S 1L | B F X R S VLA A N B £ N {1 JHRT
03 04 3T 3L 68 TLS I2RE 64T Gued 1243 10U RSB 514.5
i 3.3, 9LG 0 2020 o 638 1269 544 el - 2ie o 36T T8 65001 -
25 T 2 .».u A4 TIN SM GaB 6he gL e A
. el 1. 24 200 i by ' P KT LU RERH 4,2 [P M 284 WS 4996
! 3,4 tor ) el ) 10,4 log! JR1] [ ) 124 o 37 tinda
58

Hel, Jastarnia,




‘1ean

Year

1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938

Ly2g
1929
1
1931
1932
1933
1934
1945
1936
1937
1938

1928
1929
1940
1931
1932
1833
1934
1935
1836
1937
1938

Mean

40.8
28,7
5,0
50,4
40
10,9
16,9
23,3
270
190
2245

| 2&7

LAy
KRS
(R

[}

i3
(15

20,7

244

36.7

288

44,3

! 27y0
boaa !

18,3
23,0
8.8
56,2
e
7.8
18.6
290
383 !
284
104

Lot [
4.1

59

- e o e /3
Month
- (— ] ' f ‘ ‘f_.—‘--—.‘-_——”i Year
It i [ AT v l vt vt vint (AN ‘ N b.Y] NIt
[ | ! ! | . l i
Gdvyvaitu
3,5, 1131 90 453 8K Til R 45,2 3521 MY 438 au
128§ 885 416 88 382 fL1 . wa 0 700 43Jol 363 { 448 174
a3 , 550 ' 61,4 1TSS oM . 50 1070 D oaga | 17,7 a3
1501 39.0‘ 59,3 329 ul5 | 971 724 105 53.5% 126 | 711 7259
15.3; 1.0 40,0 ; 1130 | 63.6 | 600 1618 | 350 | 609 200 | 148 6063
28,1 | 188 ) 233 58,17 BT 3857 627! 964! 87| 228 | 308 SiaH
230 55.41 13.1! 348 . T48| 983 369 29,6 | 69.0; 628 | 11,2 542,2
35,4 163 ] 239 227 395 669 554 | 484 840 108 | 151 815
3.5 1 226, 412, 250 5,1, 998 796! 515 nz.al 125 zoo, 657.3
344 636! 26,5 643 i 422 T48 1 SL1 | 652 200 501 376 S69.0
s2! 308 533, 288 205 | 810 31,5 | 405 s21 | 230 124 | 4188
27,8 28.8‘ 35,7 514, 600 0B 67,31 640 636 350 | 30.9| =so.'m—'
5.0 l 52° 64 902!l 103 1270 121 11,5 114 63 , 55! 100.0
Puck
0,0 108 SS90 1 B | HEE BN GHL | b 639 483 2454
14.7 { HL} ! 550 11238 245 192 a ) 74,0 ‘ (B34 l 45,7 56,3 664
TR R R R N R IR R T R TR A F N Y LXNU
30,4 :m,u.: 37,71 444 A0 LY TG toan,5 ! :'.u,nl 104 | 70,3 6310
150 | 200 240} 656 ‘9,7 958 1552 ' 522l ozl 220 ) 9 5573
WY 41 lﬂ.’x’ 3720 a3 ] w40 4B - 6T 15.0‘ 230 ) 240 ed
16,5 | 684 1 32,41 28.2 ' 584 121,30 540 362 a0l | 448 | 210 5622
Ny 2108 tagr ! IZ‘(I [ 1) W b4t 1) wi,? 1,4 4 RTEN ]
43,2 36.6' 372! 19,7 907 | 1187 8.0 327 1503 | 188 ) 209 7187
373 53.9! 326' e4.0 0 701 (12710 874 63,0 238 475 ':ul 6949
128 | 2151 .40.9 262 | 33,5 108 - 59,2 564 650 { 360 36,7 | 5304
289, a0 | 315 441 | 476 639 | as.;! 706 369 | 38,1 5691
50| 53| s5i 17! a.4| 15.0; 1.6 115 124, 65( 63 1000
Karwia
W4, 130, 9.2 381 8L 477 . 808 66,0 789 | 589 470 5978
185 ll,‘l' 80,0 [122.4 1 145 812, 116 53, 623 | 506 | 533 560.2
200 2237 329 | 5181 345 wn6 ' 038 | 1M2 {mx 053 [ 145 GER D
332! 4291 596 ) 387 ; 646 1095 558 | 1134 { 633! 89 ' 552 689,1
23,9 | 144 l 432 | 95,7) 3L5 | 556, 053 § 7700 1004 | 2784 1T0 5418
457 ) 152 | 222 | 188 58.4! 62,7 | 79.9 |110,1 | 83| 623 | 2790 599,
20.9 | 39,5 ! 9.4 90! 7681316 | 561 537} 5031 S&4| 223, 575
04 | 278 ) 167 | 163 ] BL3 ' TL8 | SRR | 58201104 434 | 182 l 5959
406 | 319 | 47.7| 228 | 906 ' 53,41 ! 90.4 l 833 . 1619 | 179 | 439 3278
51,0 | 81,6 ! 43.7 1 624 ] 8l 1841 sn.x 365 | 218 | 453 90| HEND
154 | 3837 18| 178 ] 84 lm.u' .'z.:r,f sad | 624 | 415 | 345 G087
338 | 324 354 D ane| sny’ 026 689 »a.s, 834 o| 1w6s | 3m0 f44,0 o450
3.2 501 53 A o) 144 107 12 130, 7.2 61, 100.0



Number of days with precipitation for the stations: Hel, Jastarnia, /
Chatupy, Gdvnia, Puck 1928-1938
vttt T o Month™ —— 7T 7 T 7 -
Tear : , ; o * | . Year
‘ i ! 1t l m v | v | vt : vis I vt l 1X ' X xI X
Hel
1928 12 o2 T T 13 15 . 18 15 141 :
129 A T o n 9 13 8 10 13 .1 15 138 :
93 - 7 W 8 T I U 11 14 17 20 . 18 13 150 f
e IO I e w20 | w20 | 16 | o6 | 20 | 189 1
T A T 13 12 15N 9 1 B 1 149 E
938 . 10 | 19 6 9 12 7 14 9 7 “u 98 ;10 18 137 ‘
931 o e ' w 8 L 9 | s 17 12 8 , 1 18 9 127 4
935, 18 . 16 | 12 o1 7 10 14 12 18 ! e 1 9 151 :
w1 oo o 3o 18 17 13 22 12 9 169 ;
1937 ' 13 19 } 18 9 6 | 14 15 8 10 ' 7 13 | 18 | 148 |
1938 23 l 8 12 18 10 | 1 14 7 10 19 ! 10 11 151 :
Mean ! 14 { 13 E i 12 3 ! 10 14 u ' 13 I 15 l 13 13 150
. i t . '
Justarunla
1928 ¥ i 2 3 11 6 ; o M o 12 12 14 13 124
1124 ’ 1] o 12 ) 7 8 10 ! n 3! ki 13 10 12 105 3
TR P 1 9 17 9 lon ho, e 15 9 1 100 |
1931 Y 5 12 7 ) % 15 13 018 1 4 |18 133 3
1 2 |6 8 9 1 P8 3 9 18 " | 8 98 3
1933 s |8 4 5 10 4 | 8 i 8 Y 8 2 85 ;
193¢ 1 3 4 8 ] 7 » 113 s | s {6 14 1 8
s s ] 16 9 8 s P10 ) 2 » 1 13 164
1936 17 19 13 ] 18 9 8 9 1l |16 21 13 12 174
1937 12 6 | 17 9 8 1 l 4+, 8 | 12 7 14 19 144
1938 4 1 o[ 14 o0 10 ;16 | 1} ow | 19 12 11 17 145 ]
Mean 9 10 10 9 9 1 l 12 ! s 113 13 1" 1 125 ﬁ
Chulupy N
1928 S ¥ SR T aon 8 EE | 17 2 P 167
1926 14 8 i 3 - 14 18 w o9, 4 9 i ow |12 18 150
a6 , 12 ! oo o R B AT Pso o oan " 19 0 164
19:1 e o o o o m o s e 4 4 T 182
L C R N I I I A | l B e e T 2, 148 149
19343 R | | ] | U &) L 1 R T [ A U ] 12 12e
wis . ot 8 |8 A T N ST T | 8 | 1 14 | 6 12
1935 IR I T Y no.o7 8,0 v o8 T T 9 132
TRT S TN L S A N A KO 0 ¢ ! 18 B4 160
g7 1) I Y O I A S E N o7 126
1938 o 8w Woow o4 bzl s oo Domwm o8 12 om

dean 1y oo o 1 13 e 15 1 1t .o 124 14




/L
Month T
Year ; i 5 : | ! T
1 P ¢ SR B 1 1 v v VIO ] v X X X1 I st fear
) [ | ' ' ' ,
Gdynia
1928 |, 16 16 2 1 16 16 18 15 o2 18 138
1929 Inoyon 7 18 13 n 1 3 C IR C R T § B 131
1930 T 13 16 | 12 LI I T - A 175
1931 23 . 17 2 16 i1 10§ W7 19 18 I T 2 2w
1932 6 o1z 4 o3 12, 1o AN 16 2 o1 8 | 16
1933 | 8 7 2, n 15 6 13 u ooy oM
1934, 13 . 11 10 ) 8 T Y 1 13 | 16 | 13 |
935 | 1 ;A6 10 o, 10 n 10 15 18 9 a | 129
1936 17 1w ] a2 5 . 9 1 9 - 18 12 1 19 7 s | 1%
1937 9 6.1 7 .on 12 8, 10 ] | 12 | a7 | 1m
1938 21 ., 6 ;11 H o on on a7 10 7 | 8 9 | 13
B ey e [
Hean 1N 11 Wt 16 | E I F O R [
i . i ;
Puck
1928 .18 14 2, 6 nooas 16 ’ 13 14 16 20 16 162
1929 | 12 19 9 L 8 | 3 7 17 12 18 142
1930 6 . 13 13 16 | 12 6 15 ;12 S 19 20 15 189
1031 2 12 om 12w o e 2 21 13 5 21 183
1932 9 - 14 14 s e o2 17 24 13 8 157
1933 I A A L - 1 9 16 13 18 18 154
1934 4 w0 13 9 10 7 17 8 7 10 8 1 7 128
1935 T TN VR B ] 7 14 8 19 18 9 1 149
1936 U R L 10 18 14 13 2 " ! 16 19
1937 “ oo w0 7 1 14 ® 13 6 17 20 163
1918 2L 0 6 ;1 o, 1w | 8 12 12 u !l u 18 0 | s 158
T e e e T T s e T
Mean 40 12 o1 ‘ 10 10 “ oo | s i 16 Mo s 15
Karwia
1928 in 7 2 S oo ] i ‘ 11 T o0 - 14 127
1929 0 |9 5 | 10 n o6 18 4 7 1w | 14 14 us
1930 3 1 12 12 0 | 8 o o | 18 T I 18 9 142
1931 2 | on 19 12 T 0 09 . 8 | a2 19 15 5 1718
1932 o . 12 9 8 | 14 ! o 9 iz 8 o2 oo 5
1933 5 . 14 ? 8 10 (1 o1l 7 1 9 14 o1 | b}
1934 12 ;1 1 5 4 6 g LI | T w0 104
1935 13 14 10 9 ST L ST | S A S A L R R T
1936 1 , 17 v 14 T8 |15 1w O R
1937 12 718 17 12 ) n 1m0 12 B A L
Jn no, 1 1 1 8 [ER " N UL
A SRS SO S N EUEL S A S . LU S
[}
Mean 12 ! n o 1o i | s l 10 PR | ! 13 2 b




Number of days with snow cover for the stations:

Tear

1928
1929
1930
1931
1932
1933
1934
1435
1936
19487
1938

Mean

e
(R
1930
1941
1932
1043
1934
1935
1936
1937
1938

Mean

1928
1929
1930
(XY
1932
1933
1934
1935
JIIXTY
1937

A |
Lo .
31 28 :
. oo
Y LI
| e 21 i
‘2 18
14 7
boas 14
I 21
, 12 18
. 16 '
i 13 14
14 T
b)) 2 i
. 10 i
2 24
2 19 l
;25 18|
| K] 1
T | 13 t
9 23
2 12
18 1
13 15 I
18 ]
31 28
. 6
) a8
5 12
22 13
2 I
19 10
3 P
9 10
17 '
13 13

e e ————————. . . .

Hel, Gdynia, Karwia

1928-1938
T Month - )
b o : ) Year
(313 ‘ RS i \% ' v . vil | Vit i X X Xi xi l
Hel
S , Do 13 | 2¢
16 4 ! P |
o f o e 18 ; 20
w0 | l : . n ! g
o | , Lo . . om
15 . i P . 20 12
2 1 . ‘ , . 14
3 i { 2 2 30
3 ; l Lo . 20
10| : . l ' ) 14 55
1 | N . 1s 31
9 1 l . ' ) ' l o.5| 8 45/48
Gdynia
) . | ; 14 as
13 L] . l l . 1 %8
3 . . | [ 15 L7
2 1 ; | 2 13 93
13 . . Poe . s 39
0 . ! : : . 20 70
3 ! ! | i . . 14
3 I X 2 7 41
3 i , I | 36
11 . ' : 5 28 56
1 . . N n 29
I | = l |
8 1 . . ; = . 1 10 48/48
Karwia
) .o . . 13 | 40
14 . . . . . 73
o . . . U X
18 ) Lo . . { a2
10 . : l : : | 10 85
. . i ) . T
2 i P . i 6 39
2 ! P ro : 18
12 o C : : o2 | 3 1 a8
e o[ w Lo
i | T ' ' i NN
g8 ' o ) i ! I 041 € | 40/4)
H

62

/4
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Mean monthly relative humidity for Hel station and Gdynia station

1023 !
[RA
1930
jost
[HEW
1938 !
193 ¢
1935
1936
1937
1438

Mean

AR
R ]
1929
1951
1932
1933
PLER]
105
9
1937
1048

Mean

Mean monthly cloud

Year

1928
1929 |
1940
il
gul
1098
1934
(RN '
105 !
RN :

fteand

‘lean |

6.3
62
7.4

92

o
-

9.4
)
7.
0
vab

[ X]

1.1

6,2
6.1
7.7
9,1
N
7.5
T
L

o i
1} ‘ n
85 43
83 1%}
90 88
ul 8
8§t VH
83 36
84 8i
87 $5
90 . 83
82 Ju
89 2
T
B7 83
| uy
87 | 8+
86 P a0
w9t
8 0
90 ne
(1Y S |
U )
o wi’
8} 86
84 ' 16
e a3

#4

o

(E
81 !
E3
8
41
80
Y
7h
i
o
[

80

cover

34
53
a3
7.0
10
6.7
80 .

()
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T4

Dol

(LS

1928-1938
- Month T ) ) T . o
i * t
; ' | [ ! | Year
ooV Ve v vite g l \ i N1 Xt
H + |
e
1 #3 i 1 #2 ) YE] 85 89 #7 8l
T R A A TR : # 90 | wo B+ ud
G ‘ LO [ 8 ( 8 . 47 - 88 ! # 96 | 87
T | A l sy ow  om s "o o
TR N | s ' oay 86 | w6 89 83
0 8§ 81 Lo T, 84 1o I a6 | 86 83
TR Y ws a5 | w | ow 8y 92 4
W1 74 w8 | B4 | 86 | 8 sy o8 a8 85
I I R A R O O I S
R i) 6 |0 81 as. 49 84
Mmoo [oas 61 | 83 gz | 8 | sl 81
l I | I l ! ) A . ‘ N
sy B | s | s ! oa 8 | 4 | & 81 | a4
. t
Gdynia
Vi T g 79 81 4 ¢4 91 %9
Rt 77 018 74 73 83 . 88 ' &8 80
8 f 76 w78 80 34 R A 82
L3 B ) [ Tt n 83 ™ ™ 8l a4 81
CCRE L 8 a 2 8% 89 8l
(LT B T { 4 o M 83 a4 a1
vl W i W ! o b2 # KU
71 ‘ 70 oW s T Wi en 87 78
I L1 ] ! wn i wm HA i i ! HEl L i 2
8 . W ; WM 43 d a8y . 87 | 80
70 68 1 65 0 %6 i " Wo., 82 , B4 78
S T e e e — ,
, i
(O I 72 6 ki I ar . ! %4 ' 37 ¢ 80
for the stations: Hel, Gdynia, Karvia 1928-1938
; Month = T
T ' o T » Y
v , v } Vit vin ) x 1 ox | ot | xn ; iear
K { .- ‘
. el
5.6 l 4B, 55 1 a7 A8 s 64 | 69 5.4
T T T B Y B T A I
63 57 | %3 | 60 i 64 | T w79 a2 8
(Al 59 4wt bogr ' ke b %o (K I 3
68 1 74 53 . 54 54 67 R %4 6.9
66 ' 66 | hy V57 58 6,0 6,7 7.8 78 8.9
58 1 48 1 51 | 68 30 | 8 5. 3, 98 6.8
I I\ S Y T S I A ¥ | l adt L T4 1 Wy
[ (1984 gt i 59 (] , il L H1Y T [y
700 [ 7% T T S SRR L ) W L) i
0l S TRV R B SR R il . T 8 tid)
e ad d ] X 558 A T4 b 6.5

/L




/4
. Month - .
Year ! 5 ' ! “ ! o Y
i oo ' W l vooiove v ; Vi N X Xt X1t ear
GGdynia
198 T : 1.8 IR tiye} 61 .0 a4 ' &5 Y 2 9 Tl 6.3
L L Y O ¥ U T Y R N 3 N V)
1930 | L Y & (0 B T N I XU 6,1 l P B (Y (%) X 6,0
1931 8,7 ' 8,3 A7 ! A3 40 5.8 13,3 | &r | T ‘ s 8.5 78 6.7
1432 69 . T4, 60 ! IRTIC A 6 83 60 6l i 6.8 1 &3
1933 N SR X S Y X Y | 54y a0 G 1 aa I T4 8.1 (%4
1934 2.5 1 a1 15 53! s 582 0 65 5 ) 5.7 7.0 2.4 84
1935 .8 Tk e | il : el ' ad 0 " an it 12 (Al [ &)
1036 27| a1 0 &8 ! 82 61 ! 53 ! 63 20 53| 69| 21| 12! a1
1937 5.9 &4 ¢ &I T4 | 51, 48 . 60 61 f 5.5 81 74 9,2 &7
1938 i 2 50 | a4 12| A | 84 6 LT | o (X ] 8.4 a5
T T, T T T Ty T T T T T -
Mean | 44 l 7.6 ’ 82 | 63 ' 5 ! 5.4 i 6.0 s ’ 5.5 l 0 ’ 7.2 80 6.3
i . |
Karwia
1928 4,2 3k 2,0 20 %l 32 2,5 22 3.7 1.8 4,1 33
1929 ! 3.7 4.7 19 wo 24 22 1,4 24 | 18 5.4 6.3 348
w30 5, X 5l L8 s 22 14 1o 02 0 i ad
1931 | 871 8,2 5.7 5.3 40 1 a8 | 52 5.2 5.7 58 8,0 18 6,0
1932 | 63 (A 5.6 5.8 a4 EF] 14 39 5.7 74 6.5 10 59
1933 . &2 13 6.8 62 1 a8 .7 1.3 4.1 4,9 5.0 l 8.8 7.1 59
1934 6.8 6.8 63 38 1 3 4.5 59 5.6 36 | 381 11 &S5 A
1933 l &8 71 58° 48 | 40 43 300 5,6 58 | 69 l 7.2 8,3 8.0
1936 1A A a7 62 1 &6 | 50 6.1 2 a5 | .0 1 1 71 67
1937 ‘ 58 | 32 75 (¥ l 43 . 16 S 5.5 0, 490 Tl 9.1 6,2
w | 82| 61 | s3] 50| as | w0 | 48| 47| a2 | s3] sa | 78 | =1
' ' R D e e 33 0 (68
Mean | 65 ' 68 | 5 l S| 44 t W | 48| 45| a8 | sa l 8.4 | 74 | s8
1
Mean annual cloud cover for specific observation terms 1928-1938
T ""Hel station ¢ 7 Taavewm T T ka0
Year - - .- | ‘ ,
m | 1h ath . 9h ; 1h L] 7h Poagh [ oan
T e T T S8 st ) 4B TwaT | e8| 58 w ) 28 33
1929 60 . 53 A as 62 2 ¢ w3 Lo
1830 22 ' e ! 83 a9 64 59 69 7 80 | 82
1931 s 81 . 1.0 7.1 6.0 63 | 81 58
1942 A I A 1 65 68 (X S8 i ‘[ 54, Sa
1933 2 | 10 64 . 10 | s 6.1 R3 | 53 80
1934 .68 | &1 | 6 6A g W6 "3 5.0 L8
1718 A N 6.8 | 6,7 3,0 64 8T a9
19.36 X 8.4 8,7 4,5 4.9 6.9 ! God ] 33 [ ]
1937 LT I ¥ 8.1 R ¥ R R X 58
1034 U ¥ BT ¥ 38 7 Y S Y 58,
| - P i i | o
Mean a4 (3 835 [} ! 88 ! da ! W ! 5.0 A




Number of overcast (cloudy) days for the stations: Hel, Gdynia, Karwia /¢
1928-1938
e R - e N e R . N - . b
] Month :
Year l ' i
es t ! oo I w ! v | vt v {var | ax | x l x1 | xn Year |
. t i .
Hel
1028 a4 . B 1 3 3 1 a a4 i 18 " ,
1929 | u-" 9 (R T l t . 1 2 1 14 49
1930 [ 15 0 15 |z a2 ) e 2| 10 9 ! 1| 13 18| 28 155
1931 T I B I w7z oz | |10 17| e 167
1932 i 7| 13{ 14/ 13 i o, 17 2 6 10| 13 9| 18 137
1933 Loz j 10 | 12! 11! 14, 8 7 ] 9| ni{ 18} 19 150
1934 ' 19 | M w1 o4 4 11 7 3 9 13§ 28 139
1935 X 16 20 92 ' 10 ! 3 3 10 5 3 13 18 23 140
1938 ;18 16 ' 8 . 8 7 7 [ 12 7 9 18 1 21 147
1933 oo | =1 f 1w 12 ¢ 6 6 5 7 5] 10 20| 2 144
1938 ot f o] & ai 5| s] 3] 5| 3|13 13/ 2 1
{ean l 17 ‘ 15 ‘ 12 ‘ 9 ‘ 7 3 8 ‘ 7 71 10| 14} 20 120/130
3
| Gdynia
. 1928 18117 77 10, 12 | 10 7 5 8| 17} 17 138
1929 Jt | 12 7 7 5 I 4l n 2 6| 10] 13} 15 105
1930 3¢ 16| 15 13 o o2l Tl o 145
3t & 18 u w4 | " 3 ) m ' 14 17 138
1932 15 13 n &, 12 ¢ 8 2 6 8 15 3| 12 120
1933 2% | 12 | 11 9 | m! 8 7 | 11| w0 | 18] 2 148
1934 18 | 14| 13 7 2| 1w 17 3 6| 13| 28 128
1935 18 | 17 8 7 T3 7 ] 4 10 14| 18 19
1938 15 p 18 f 16 p o1 bow 5 81 10 6| nloe |1 139
1937 1318 | 190 4 9 6 5 9 74 10| 14 28 149
] 1938 18 | 1 8| 1. 8 5 9 6 | 19 | 1y 2 133
e e e l "
¥ean 17 | 15 I niw! o8 | 0] y 7 T 1w 131
i
;v Karwia
1928 253 1 o2 P bl 3 3 4 20
; 1929 2 b3 ;o {3 ’ Loz b 1 5 4]l 33
1933 ETEENTI g 1o t;o2) 3w 8|0 99
1931 "SRR U A 8 5 i 5 4, 5 8 | 6 | 131 17 120
, 1032 13 130 3 10 L L ) ; 2 7 15 1 14 106
| 1933 s o9 12 7l f i3y 24 8 31 19 | 1 100
| 1934 S U R L I B U B 300 2| 92
js 1935 L 8. 6. 3, 2 6| 8 FRREERRT I I € I 11 103
{_ 1935 5 17 L 9 8 ! BB 4+ 10 o 13 ] 11 2 138
F 1047 ' 1o {1 WAl Tl 3 6 15 2 142
| 1938 P20 . 1 6 6 3 O T 6 | 12 T 16 99
= - e e
Mean ’ 1obo2 T A R . 4 l 3 ! 10 ‘ ly w5
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Hel, Gdynia, Karwia
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Number of clear days for the stations

Year
1928
1929
1930
1931
1932
1933
1934
1935

1936
1937

1938
1928
1929
1930
1831
1932
1934
1935
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1937
1938
Me an

Mean
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ON DUST LEVELS IN THE AIR OF GDYNIA

Michal Zmijewski




-

ABSTRACT

In this work, the author inspected air dust levels in Gdynia for
the period 1949-1954. He took under consideration both a continuous
daily observation point for one part of the town, as well as four other
observation points for determined.constant periods of time; he has also
cited the air dust levels in relationship to the time of day and season
of the year. It was demonstrated that the amount of dust in the air is
in relation to the location of the observation point with respect to the
seashore and wind direction.
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ON DUST LEVELS IN THE AIR OF GDYNIA

Michat imijewski ‘J

INTRODUCTION %
i

The Earth's atmosphere, especially in the lower layers, includes a great

amount of suspended matter, consisting of microscopic solid particles, as well as
particles of soil, smoke from forest fires and peat bog fires, flower pollen, vol-
canic ash, cosmic dusﬁ, etc. In nany industrial locations, air dust levels have a
specific quality, containing dust from off the streets, soot, smokestack smoke, as
well as factory emissions. In coastal locations, small crystals of salt are intro-
duced into the air as a result of sea water evaporation of splashed or sprayed water

occurring during wave action.

Dust is carried great distances by the wind at the Earth's surface, and rising
currents and turbulent movement take dust into the upper levels of the atmosphere.
In the lower levels, dust is composed of larger particles, and when the dust levels
are high, these particles cause a significant reduction in visibility. Precipitation

lowers air dust levels to a great extent.

The presence of dust in the atmosphere plays a large role in the occurrence nf
precipitation, as the dust particles form condensation nuclei. Hydroscopic molecules
of those substances easily forming water solutions belong to these condensation
nuclei, and in this way the germs of water drops are formed. These condensation
nuclei may be salt crystals, as well as dust particles in the atmosphere. In this
last case, the dust particles may be moistened. The size of a condensation nucleus

may amount to about 10”8 cm.

Dust particles in the air also play a significant role in physical processes
taking place in the atmosphere, because they absorb a great amount of radiant energy.
The greatest light absorption takes place in many cities where the haziness of the

atmosphere ig at its greatest because of high dust levels in the air.
OBSERVATIONAL MATERIALS

Observational materials for the period 1949-1954 are used in the present work;
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there are no breaks in observation, with the exception of those days when there
was strong and long-term precipitation, that is, storms or thick fog. The whole

extent of the observational material is composed of three kinds of air sampling.

The first type are dust-measurement observations carried out daily on Kaszubski

Square at 1246 hours.

The second type are observations carriec out on the 7th, 17th, and 27th of
E each month between the-hours of 1030 and 1300* at five points in the city, namely:
: 1. Kaszubski Square, 2. Kamienna Hill, 3. on the seashore at the end of Zwycie-
stwa Avenue, 4. Constitution Square at the Gléwny Dworek (Main Residence), 5.

at the Marine School on Czerwone Kosyniery Street (Fig. 1).

| e =TT

L.

Fig. 1. Observation points for dust measurements in Gdynia.

The third kind are dust-measurement observations carried out on the 2nd, 1l2th,

and 22nd days of each month in Kaszubski Square at 0646, 1246, and 2046 hours.

*In this work, official time is used.
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MEASUREMENT METHODS

The dust measurement observations were begun in Gdynia at the end of Novem-
ber 1948, and from the end of that year they were carried out as sample obser-
vations. The observations proper were begun from the lst of January 1949 and
have been carried out with interruption up to the present time. The observations
were undertaken with the help of a dust meter of the Owens system, sampling each
time 500 cm® of air at an elevation of 1 m above ground level. The dust particles
are deposited in the form of a narrow band or streak on a covered glass mounted on
the dust meter. A micrometric mesh is used for counting the dust particles under /5
the microscope. A magnification of 100 x is used for counting the number of trans-
verse strips in each unit length of the streak, and for counting the individual

dust particles 1,000 x is used.

If we designate by S the number of strips in the mesh, and the amount of

sampled air by C, then the number of dust particles W is:

S .
where T is for the most part a constant magnitude, because the same number of cubic

centimeters is used, as well as the same objective and eyepiece.

We must note that the numerical data derived in this way relating to the air
dust levels in Gdynia are only relative values and not absolute ones. The sampling
by means of the Owens dust meter gives a relatively small number of dust particles,
and the visibility limits depend exclusively on the microscope magnification.

ANALYSIS OF MATERIALS

The observational material taken from the six-year observation period at Kas-

zubski Square is continuous and uniform. With every air sampling, the meteorological

data, such as temperature, visibility, wind, etc. were recorded.

On the basis of the material collected, Table 1 was drawn up. The material
collected in Table 1 shows that the maximum dust levels for the six-year period oc~

cur in July, whereas minimal levels occur in February. In November as well, December,
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Table 1. Mean number of dust particles per cubic centimeter of air
according to the observations at 1246 hours at Kaszubski
Square in Gdynia for the period 1949-1954,

— Month
3 ' . | . H H
rears t ' PR T oo v L1 TR UV IN % ' Xt ‘ xu . Year
! ‘ ! : a ‘ 1
. ‘
1949 e boom ol oaze e 0 2w Pz o206 | grs sl oy 194 l 199 1 1%
1950 we 10 ! 177 Wl 16l T b, {Jel)] i 1:. ! 1:2 . 'T;
1651 167 ey Y A A PR IR T £ S S 15T B 11 177 15K iy I.f | li
1 e 176 v IR SRS L B ] ‘ ted o b i | e | by ‘Lf
1952 175 153 | B S A BT Wkt i R S I H T l [ IO I : I..i'» | tal ‘ l;" l;;)
1054 162 U3 SN & S W SR A SR R € N SRR L Wy e i WA Uowd o 198 18
- _ : . B ‘ ) ’
) i ‘ . i . e ' =3
1949--195¢ 1D ; 1% 0 165 . o oum it I JEH g me . e ¢ | 177 179

and January, the level of dust is lower than in the summer or autumn periods. Dur-

ing the winter season, the surface of the ground is often covered with a layer of

snow, and this exerts an influence on the dust levels. There may be an exception /5
in this case in many cities where during the winter season, as a result of combustion

in furnaces, large amounts of soot and smoke are introduced into the air.

For the purpose of showing the dust level course depending on the season of the
year, three dust level intervals were used: lower than 150 dust particles per cubic
centimeter; dust levels in the range 150-200 dust particles per cubic centimeter;

and from 200-250 dust particles per cubic centimeter.

Table 2. Mean number of days according to the different dust level inter-

vals according to season of the year in Kaszubski Square for the
period 1949-1954

Season of <150 150-200 200-250
the year
Spring 14 64 16
Summer 7 67 17
Autumn 6 67 19
Winter 24 54 8

| Year 50 ; 255 60
% ;137 ‘ 69.9 16.4

1

From Table 2, it is apparent that the number of days with dust levels less than
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150 particles per cubic centimeter prevailing, that is, 24, occurs during the win-
ter, and the least number of such days occurs during the autumn. Within the dust
level limits 150-200 particles per cubic centimeter, an equal number of days, that
is, 67, occurs for the summer and autumn, and it 1s somewhat less for the spring,

and even less, that is, 54, in the winter. 1In the last interval of 200-250 particles
per cubic centimeters, the number of days of this kind of dust level amounts to

16 for the spring, 17 for the summer, and 19 for the autumn, whereas in the winter
only eight such days occur, confirming once again that it is during the winter period
that dust levels are markedly smaller. 1In terms of years, the course of dust levels
is similar to the individual seasons of the year; the greatest number of days occurs
in the interval from 150-200 particles (68.9%), and the least number in the group

in which dust levels are lower than 150 particles (13.7%).

For the purposes of comparing the results of the observations undertaken at
four points in the city with the data from Kaszubski Square, the kinds of data cited
above were taken at three observation times for each month, that is, on the 7th,

17th, and 27th, and compiled in Table 3.

Table 3. Compilation of mean numbers of dust particles per cubic centimeter in
the air for the annual course from observations on the 7th, 17th, and
27th of each month for the period 1949-1954

! __ Month L o
Locale N T T T v 'vioove pvinoax box | oxr | oxn Year

s . i | ] el '

eashore Vot b oy v el s o] s3] M) 144l 146 148 1an
Kamienna Hill : M9 Pat 1ST ) 1 EL 6y 1T S| 182 164 183 ] 159 156
Kaszubski Square omzloveloem o i 113! el ) s ] oage ) awe| otm | m
§~1q Residence b1 153{ 177 © 183 i34, :aag 199 ! 189 ; 1951 188 ) 187 187 152
Marine School [ 1770 183, ago w3 a3 190, 2020 198} 193] a0 | 101 188 187

The mean values calculated for the six-year period show a marked maximum in
July and a marked minimum in February. The six-year observational material shows
that the smallest levels of dust occur at the seaside, amounting to on the average
146 particles per cubic centimeter. Depending on distances from the sea, the dust
level increases and the greatest is at the Marine School, amounting to on the average
187 particles per cubic centimeter. This is due to the fact that the Marine School
is located on a busy street with lively traffic, and in additijon to this, several

rail lines run nearby that have a great amount of rail traffic.
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On the 2nd, 12th, and 22nd of each month, air samples were taken at Kaszubski
Square at 0646, 1246, and 2046 hours. The results of these observations at the

three sample times, I, II, and III, are compiled in Table 4.

Table 3. Daily course of air dust levels at Kaszubski Square for the 2nd, 12th,
and 22nd of each month at 0646, 1246, and 2046 hours for the period

1949-1954
© " Sample time o Mean
Month |~ O T L T -' monthl
H ! m
Jandary | 140 ' 16t | 12 | 149
February | 1w | 10 128 152
March [ 18T 159 ¢ 141 148
April oyse 1 rus ! 157 135
May P13 e ! 166 177
June o 1L e 159
July Coee o100 e | 172
August P v ‘ 163 167
September 156 wa | 16l 166
Octaober et GO 166
November : 162 © 123 | 165 170
December - 157 16, 164 166
N [
Year i 151 i 175 ’ 156 l 161
k The observations undertaken across the course of the day show that the amount

of dust in the air undergoes great changes. In the early morning hours, the level
i of dust is at its smallest, increasing,however, steadily and reaching a maximum at
] around 1300 hours, but then toward evening it declines. This phenomenon may be
interpreted by the fact that during the morning, the winds are mostly weak, and
these are the hours when dew is on the ground. During the day, the wind velocity
increases, causing as well frequent updrafts which lead to an increase in the number
of dust particles in the air. Towards evening, the wind dies down for the most part,

and this has a marked effect on reducing dust levels.

Wind plays a very large role in dust levels in the air, because it carries dust

for great distances. The extent of dust levels in the air depends to a great extent

on wind direction. The results of measurements of this dependency undertaken at /5

Kaszubski Square are given in Table 5 and in Fig. 2.
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Table 5.

Mean annual number of dust particles per cubic centimeter in the air
depending on wind direction on the basis of observations at 1246 hours
at Kaszubskil Square

Direction

' | : . Annual
Years NONNE N !nr [ l ESE | S <~E > ;.“w SWowWrW W lwr.wf N Ny mean
' : + 1
1919 TR IR SY R S i) I i f a4y ; R AR TR o B s B RS TR 2 I O L1 SO T A%l
1y IR SR N S IR R N lﬂl;IJlilﬂ‘lll Loy es, 1 e [N tlf
S R T R TR I P U R T T R LS ALY | WA A 1T i
1952 e s et an i P77 T R ER ERTC I PR i T AR I 1.
{I'HH 4% 6Py oy 0 R l42i 124 | (I P R 135= 167 1n71 B tee 0D s
et AR ; R T S O i B y
T3 SR VB YN M I i l ST §T! 103, 16 13T v 163 150N e ke 11
] ! | ! ¢ ! I . .
1 . . o " “woroge -+ e} g . = " o o] V2o
Year 103 90 et gm0t o90 1260170 129, 182 .I.-; 166 1._‘ 17" 1
[" [ T '
| ;.."
\ !
. L2000
| K i
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Fig. 2. Diagram of the dependency of dust levels in the air on wind
direction at Kaszubski Square for the period 1949-1954
E It is clear from Table 5 that the lowest levels of dust occur for wind direc-

ticles per cubic centimeter.
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tions out of the north to east-southeast, fluctuating within the limits 80-105 par-

Beginning with the southeasterly direction, dust levels




steadily increase and reach a maximum for the directions west-northwest and north-
west, namely 172 particles per cubic centimeter, and after that they once again

decrease. This dependency is also illustrated in Fig. 2.

CONCLUSIONS

The conclusions reached based on the observational material from the years
1949~1954 give a clear picture of air dust levels in Gdynia. From them, it ap-

pears that the air dust levels in Gdynia depend on the following:
(1) the place of observation, which is obvious in comparison of uata
taken at the seashore with the point at the greatest distance

from the sea, the Marine School;

(2) the time of day, namely during the morning they are small, in-

creasing towards noon and decreasing towards evening;

(3) the time of year, namely during the winter period they are small,

> increasing towards the summer;

(4) the wind direction -- the lowest dust levels are with winds out

of the easterly direction; the greatest levels are with the pre-

vailing westerly winds in Gdynia.
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